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An overwhelming mass of data is available in today’s digital world. The fact that certain 
data exists does not mean that it is accessible; and if it is accessible, it is not necessarily usable. In 
this work, noting the prevalence of the web interface to read content online, an augmented web 
solution is presented to help readers with comprehension: a browser extension producing 
automated annotation based on dictionaries to assist the reader in finding relevant parts of the 
document more quickly and comprehending them more easily. What kind of an effect does this 
kind of an extension have on readers? How do readers employing different reading styles benefit 
(or not) from its use? Does the extension also make the reader to pay more attention to their own 
reading types and style?  
A study of twenty-four participants using the browser extension was conducted. 
Transcripts from the test sessions and following interviews were analyzed under five themes: 
reading types; changing relationship with the document; own reading and annotation habits; 
accuracy, problems, and errors; and suggestions. 
From the analysis of the data, three types of readers with different characteristics emerge: 
“Careful reader”, “Jumper” and “Searcher”. They are found to have different motivations for 
reading; using the extension to enhance the reading experience has different effects for each group 
as well. The annotations (highlightings) produced by the extension are found to attract readers’ 
attention; especially the “Searchers” found added visual information valuable. Descriptions of how 
the readers experienced the annotations are analyzed in detail. Several surprises are also noted: 
many participants seem to sometimes treat highlighted words as something of a concern; and some 
participants use text highlighting with the mouse as a transient annotation practice which creates 
an interesting conflict with the annotations produced by the extension. 
The study offers ideas for future studies about reading, web augmentation, and digital 
annotation and identifies several possible directions for future research. An earlier experiment with 
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CHAPTER 1: INTRODUCTION 
1.1. MOTIVATION 
The original inspiration and motivation for this project came in 2008 from discussions with 
Aija Salo, then working at The European Region of the International Lesbian, Gay, Bisexual, Trans 
and Intersex Association (ILGA-Europe) in Brussels, Belgium. Salo described the human rights 
situation of LGBTIAQ+ people in post-Soviet countries and the effort to bring up-to-date literature 
and information to people in those countries and also about how important it is that this information 
does not only exist, but is available and understandable.  
I identified three factors that could be analyzed: 
1. Existence of information 
2. Availability of information 
3. Understandability of information  
The last of these three is the interface with the reader. If the information is not 
understandable, it is irrelevant whether it is there in the first place. The amount of information that 
is available can also be an obstacle – how to find something relevant in the sea of information? 
But even when it is found, it may not be easy to comprehend. It is important to understand that all 
the three factors are relevant to non-expert people, i.e. people who are not researchers or not even 
academically educated. 
If someone looking for or needing information cannot access or comprehend the 
information, that gap may be fulfilled with something else from an easier source – such as fake 
news, conspiracy websites. Therefore, there should be a way to make it easier for people to access 
information and comprehend it – and perhaps something that removes the fear some may feel for 
information, especially considering the amount of information available. 
Diamant (2010) stresses that because of the data volumes involved with current era, 
handling of the data has to be entrusted to computers. Furthermore, to complete their complex 
tasks, computers have to possess many human-like cognitive abilities in order to understand the 
data coming in. This falls under the Computational Intelligence (CI) label, derived from Artificial 
Intelligence (AI) over the years. As such, CI systems are, in a way, AI systems. Diamant also 




of characteristic features in data to facilitate pattern recognition process; (3) revelation of relations 
among the patterns to be used for further data interpretation, understanding, and decision making. 
Diamant also mentions knowledge discovery and information retrieval (from data) as a prime big 
data analysis goal. 
Diamant further criticizes reliance on CI, at least as a direct solution to the undeniable Data 
Deluge. Diamant differentiates computational as reliant on data processing and intelligence as 
reliant on information processing and posits that this disparity is not recognized. This 
contradiction, Diamant says, means they are incompatible. I think Diamant may unnecessarily take 
human intelligence out of the equation. As a “rescue vessel” pure computing may indeed be the 
wrong solution but can we imagine CI being on the same side of the problem as human intelligence, 
solving the same problem. Augmentation of the information processing experience could be one 
solution to helping with the data deluge. 
It is my opinion that the term “Human-Computer Interaction” is sometimes misleading, as 
is the general idea of a human actor moving through a computer system, while interacting with it, 
as an over-arching description. What if a human and a computer are in a system together, working 
toward a common goal? 
This goal could be a better, more thorough, and deeper understanding of documents that 
are read. Especially scientific articles can appear complex and their subtleties can be hard to grasp, 
yet they contain researched information that could be important to the reader. Students may have 
to read these articles as part of their studies at a university or other school, therefore they might 
benefit from some aid in this regard. 
An archive or a public library are forms of data collections. In them, data is perhaps 
contained in a friendly format, physical artifacts that are easy to handle – and understand. 
For much of the audience, Internet equals to World Wide Web, a global network of 
websites serving hypertext documents, pictures, video, and other media. While people read books 
and articles, they often do that online, using a web browser. An important part of human behavior 
on the Internet is searching; not only searching for relevant websites but also finding relevant 
information within one web document. Web documents are often (more often than paper 
documents) “scanned” and “skimmed” and then abandoned if the desired information is not found. 
This affects search engine and general web design; important information is positioned so that the 




More specifically, Dingli (2011) describes how lack of attention span hinders the 
annotation task. Annotation is an important part of reading process; yet it takes some effort and 
with the limited attention span gets harder all the time – unless the reader actually enjoys it or takes 
a break. As I will describe later in this thesis, annotation can also be applied to web documents 
and the process can also be automated, taking a lot of effort away from the reader. 
In addition to searching and finding what one seeks, I am interested in how people 
comprehend what was found. There have been attempts at using highlighting (and other 
annotation) to attract a reader’s attention in digital documents. Their aims have included improving 
the reader’s comprehension and recall, however these have used their own application, as opposed 
to a browser extension that this study uses. Introduction of a new desktop application can be 
problematic: the users would have to learn its use and an application needs to be updated, hosted 
and maintained. In the case of a Chrome extension, it can be distributed through Google Web Store 
where it is accessible to all potential users across different operating systems and its support and 
updates go through a centralized system. 
 





One existing system is called Annotate (Figure 1) which is a collaborative annotation 
platform. To use it, users have to register and upload the text they annotate to the service. 
Therefore, its availability is limited by having to register and upload – on the other hand, its central 
feature is adding manual annotation that is shared with others. It is not a writing tool, nor does it 
work on websites – it is intended to work with PDF and Microsoft Word files. A limited use access 
is free; more advanced usage has a price tag.  
Genius (Figure 2) is a popular collaborative annotation platform – originally conceived for 
rap lyrics but now used for different texts, not only musical lyrics. It, too, is a separate website that 
requires registration to use it. Users can choose and highlight parts of texts and add commentary 
for that section, as shown in the screenshot. The areas which have no highlighting do not have any 
annotation; the user is welcome to choose a section and add their own. 
 
 






NB (or nb) is another collaborative annotation platform (Figure 3) which is designed for 
classroom use at MIT. The user creates a “class” and can then upload materials that can be 
annotated together. Instead of selecting text, the user selects areas to which a piece of text can be 




Figure 3. NB with two annotations attached to a page from my dissertation proposal, working at http://nb.mit.edu/. 
One research project which shares some resemblance with this dissertation study is PAMS 
2.0 by Su, Yang, Hwang, & Zhang (2010) (Figure 4). PAMS (personal annotation management 
system) 2.0 is a collaborative annotation system for academic use. In addition to annotation 
management facilities, it is designed to serve as a mechanism for discussion about the shared 
annotations.  
PAMS 2.0 uses a client/server architecture – the user interface is a separate application on 
the user’s computer. It supports web pages and PDF and Word documents. In their study, Su et al. 




relationship between learning achievements and quantity of annotation. The system – which does 
not seem to be online in any location any more – resembles NB in many ways. 
 
 
Figure 4. PAMS 2.0 interface from Su, Yang, Hwang, & Zhang (2010). 
Another interesting project from MIT is the new text-generating tool that can, according to 
MIT News, “pinpoint and replace specific information in sentences while retaining humanlike 
grammar and style”. This tool still requires some human intervention: they have to input text which 
will then be analyzed; the tool will find locate the appropriate page and generate text to replace 
the outdated information. The authors also want to combat “fake news” by removing bias from the 
text. (Matheson, 2020) This is tangential to the Wikipedia sentiment analysis experiment detailed 
in Chapter 3 – it was also designed to make certain features of a Wikipedia article visible. The 
referenced article (Shah et al., 2020) gives the impression that combined with a powerful interface 
this tool could be relevant in the context of this dissertation as well, even if it is not an annotation 





Dingli (2011) lists even more tools to help with (manual) digital annotation – web or other 
documents. 
These tools may help with bridging the analysis gap as well – and they have the benefit 
that the act of annotating manually may have metacognitive benefits, but to use them the web user 
needs to sign up to websites or download and install new – and potentially complex – software. A 
real solution should be “on the go” as a web user visits websites in order to provide assistance 
when needed – which could be any time. Because the solution proposed in this dissertation 
produces automated annotations in realtime, it is instantly ready to use.  
One may ask if highlighting1 as an action (by the reader) also serves an important purpose 
which is lacking if the annotation is automated – or whether reading already existing annotation 
made by others is as helpful as one made by the reader. Evaluating this is or its learning effect is 
outside the scope of this study, though – but it is clear that the action of annotating a document 
makes the document more “personal” and even unique. 
The proposed solution highlights words on a website using in-built dictionaries. It is a form 
of reading aid, with effects varying on reader types and their reading strategies; the aim is that by 
using it, a reader could comprehend a difficult text better, making it more accessible and therefore 
help to make large text collections less exclusive to professionals. 
1.2. KEY CONCEPTS 
This dissertation aims to investigate the potential of a browser extension that can be used 
to analyze and annotate web documents in real time. While there exist many text analysis and 
visualization tools (writer’s aids etc.), very few of them work within the browser itself. They are 
typically implemented as separate desktop applications (Zucker (2010) developed their own 
browser application) or websites and thus they require additional user interaction to use – whereas 
an advanced browser extension would be more available and accessible in all situations, ready for 
immediate analysis and visualization and other tasks. 
The novel approach of using a browser extension instead of a separate application or a 
website is at the core of this study and implementation specifics of the browser extension bring 
several advantages that are leveraged in this study and could inform further studies: 
 
                                                 




● The tool is available wherever the user wants to use it – or makes it possible to use different 
websites in the study, as the technique is not website-specific. 
● The used dictionaries and their contents can be changed in the source code with a text 
editor. 
● The effects of the tool can be viewed in realtime; analyzing the page only generates a small 
delay. This is important in the current technological landscape, where users will not wait 
for results before going elsewhere. 
● Works as a platform on which different experiments can be built; it could be made to 
augment web pages with quizzes and other features to assist in the study. It is also not 
limited to one specific website (even though in this study, Plos One was used). 
An earlier version of this tool (described in Chapter 3) was specific to Wikipedia and did 
realtime sentiment analysis on Wikipedia articles. It highlighted words and paragraphs based on 
their sentiment, using Hu & Liu’s (2004) opinion lexicon, visualizing sentiment polarity patterns 
within a Wikipedia article (Tuomela, 2015).  
The prospect of having a more general text analysis and visualization tool is part of a “grand 
vision” which includes an extension that does sentiment analysis but would also contain other 
dictionaries to highlight parts of the text using different rules. The extension discussed in this 
dissertation is a step in that direction; it contains different dictionaries, each of which can be 
switched on and off as desired. In the end, a fascinating question is whether it will enhance the 
reader’s metacognitive abilities and/or make reading more efficient or accurate. There are also 
other directions where to go; these are discussed in Chapter 7 (Future work). It is important to note 
that this kind of an extension is both an evaluation tool (finding answers to well-defined questions) 
and an exploration tool (researching a problem space and discovering new things). 
Whereas Google Search can help the user to find web documents, this extension is designed 
to help them to find relevant content within the document, especially when glancing or skimming 
– and these reading types are more common than we would like to admit. Its effects on different 
reading types are discussed in this dissertation. 
Another theme in this study is individual reading types and styles. For purposes of this 
study, a reading style is seen as a combination of different reading types, employed by the reader 




different reading styles and thus also to different people. A more detailed description of types of 
reading is described in Chapter 4. 
This study provides insights into how automated highlighting affects readers employing 
different reading styles; they are divided into three (somewhat overlapping) categories: “Careful 
readers”, “Jumpers”, and “Searchers”. They help to understand different aspects of effects the 
extension described here has on readers; these are discussed in detail in Chapter 5 and further 
discussion about challenges and other topics is in Chapter 6. Finally, conclusions are detailed in 
Chapter 7. 
1.3. RESEARCH PROBLEMS 
1.3.1 Hypotheses 
Informed by the pilot study (described in Chapter 4) and the relevant literature, several 
hypotheses were formed. They focus on how highlightings in a text are potentially beneficial and 
how they might be perceived differently by people who employ different reading styles and types. 
 
 H1. With the tool, finding relevant parts of a research article is easier and faster;  
metacognitive accuracy is improved. 
In the realtime sentiment analysis experiment it seemed that by adding visual information, 
it supports reading in a new way that takes into account factors that were not before obvious 
in the text and could potentially be leveraged to produce good results also if put into a 
quantitative test. Based on the pilot study, this seemed to be true, even though it did not 
include quantitative testing.  
o H1.1. Answers to quizzes are more accurate and answers are found faster. 
This is a more specific version of H1, to specify what this expected improvement 
could mean in practice. If there were a quantitative test with questions where the 
reader has to find answers in the text, they are expected to be better (more accurate) 
and the time used to find them would be better as well. If study participants are 
students, this could be similar to what they could be doing when preparing for a 
test. 
 H2. The tool can be used to facilitate communication in a classroom setting by 




This hypothesis is mostly informed by the realtime sentiment analysis experiment which 
seemed to attract people’s attention and also invite and initiate discussion about its 
functionality and what it showed – its approachability could imply that a similar tool could 
be used for classroom discussions, with the tool displaying visual information that may 
affect perception of the text. The pilot study did reinforce this idea; it seemed participants 
were able to reflect on their reading in a manner which could form interesting classroom 
discussions. 
 H3. The functionality of the tool can be deduced in a playful, exploratory manner,  
without instructions or introductions. 
The tool built for realtime sentiment analysis experiment, for the most part, was very easy 
for people to understand and they were able to figure out how it worked without lengthy 
introduction. The pilot study with the new version of the tool, too, implied it was possible 
that a more complex version could also be understood without complications and used on 
different texts without an introductory process. 
 H4. Different people have different reading styles; thus, their use of the tool is also  
different. 
In the pilot study, it was already evident that readers could have different ideas about what 
makes good reading. They used the tool in different ways and wanted different things from 
it – they also employed different types of reading and had what could be described as 
different reading styles. One example about this variation was the amount of additional 
visual information – highlighted words – that participants desired, as some wanted as little 
as possible (as not to distract from reading), and others wanted to have lots of highlightings 
to support their reading. My hypothesis is that the reading styles are what makes their use 
of the tool different. 
o H4.1. For each reading type, the effects are different. 
If it is possible to differentiate what could be called a reading type, consisting of 
types of reading the reader uses, then it is expected that the effects of the use of the 
tool are different for each of them. This was hinted at in the pilot study. 
o H4.2. For each reading style, the benefits are different. 
It follows from H4.1 that also the expected benefits from the use of the tool are 




groups of readers might not benefit at all, while others might see many benefits, 
and therefore it should be possible to identify groups of readers and analyze the 
benefits for each of them.  
 H5. The tool can make the reader pay special attention to their own reading style and  
have an effect on it. 
The new version of the tool was constructed with hopes that it would make it possible for 
the reader to reflect their own reading habits and style (related to earlier hypotheses as 
well). In the pilot study it was apparent that this kind of an effect was present;  
 
1.3.2. Research questions 
The research questions address hypotheses either directly or indirectly and answers to them 
will inform future research (see Chapter 6 for Future work). 
 
 RQ1. Does the tool have a general, potentially positive, effect on readers? How do 
readers employing different reading styles benefit (or not benefit) from the use of the 
tool? 
I decided to concentrate on qualitative research instead on quizzes that would have tested 
reading accuracy and speed as originally proposed in H1.1. An exploratory study – based 
on the pilot study – would probe the effects the tool has on readers and still provide answers 
for H1 as well. H4’s ideas about different reading styles will also be tested. This question 
has two parts: one general (from H1) and one specific (from H4). Obviously, it is hoped 
that the tool does have a positive effect but it may turn out that the effects are varied and 
cannot be categorized in such a simple manner. More specifically, it is hoped that the 
readers, by using this tool, could make better observations about the contents of a scientific 
article, understand difficult passages, and evaluate its objectivity. However, in the end, I 
decided not to do quantitative quiz-based evaluation which was also not part of the pilot 
study. Something like it could be part of future work, though. 
 RQ2. Does the tool make the reader to pay more attention to their own reading types 
and style? 
Based on the earlier experiment and the pilot study, the tool should be easily approachable 




that should come up in test sessions, by way of readers discussing how they read. The pilot 
study suggested that the tool indeed has this effect and different kinds of people are able to 
reflect on their reading when using the tool. If this would actually happen in the main study, 
then it would possibly provide basis for interesting future work. 
 RQ3. What kind of dictionaries would be effective in producing meaningful and 
useful highlightings? 
In order for the tool to work to any extent, it needs dictionaries. They need to be 
understandable to be usable, especially if the use of the tool is to be learned in a playful, 
exploratory manner (H3). The realtime sentiment analysis experiment used a sentiment 
dictionary which was also used in the pilot study but it proved to be confusing and not very 
useful, therefore it should not be used in the main study. The dictionaries used in the main 





CHAPTER 2: RELATED WORK 
2.1. READING AND STUDENTS 
A well-formatted text supports different types of reading: it has effective layout, suitable 
typography, clear headings, and other elements that we consider good formatting (Marshall, 1998; 
Marshall, 2009). This is something online documents share with traditional print documents. As 
Zhang & Duke (2008) note, “web literacy” skills are relevant today and they emphasis aspects 
unique to online environment; hyperlinked documents containing multiple types of media, for 
example. According to them, good readers are active readers, employing different reading 
strategies to comprehend what they are reading.  
Knutson (1998) describes two types of reading: reading for information and reading for 
pleasure – these are an insightful starting point in analyzing reading and considering the 
implications for the design of documents. Knutson follows with discussion about reading purpose: 
having a specific goal to approaching texts. If we consider the context of students reading articles 
(for academic purpose), they can be seen as having a goal, to gain information from the text. They 
might look to further their knowledge about a specific subject and employ different strategies to 
achieve their goal (Zhang & Duke, 2008).  
It appears that for both print and online documents, same kind of cues and features of the 
document aid and guide reading; however, scrolling online documents can hinder this as the reader 
loses the fixed spatial cues that might be present in the print document. Mangen, Walgermo, & 
Brønnick (2013) studied differences in reading comprehension between between print and online 
documents. They did not test for or report different reading strategies or types of reading, though 
– but in their study, they used PDF documents in computer presentation. PDF documents are often 
representations of print documents and contain same kind of structure and individual pages, instead 
of a long page that requires scrolling. In their study, they concluded that reading documents on 
computer leads to poorer reading comprehension. This leads to additional challenges when using 
digital material in educational setting – they also mention visual ergonomics of laptop computer 




2.2. READING TYPES 
It would be easy to assume that reading is a passive activity; that there would be a reader 
reading the contents of a text in sequential order; however, many approaches to reading have been 
identified. Marshall (2009) identified six types of reading that are discussed here. 
 
Table 1. Types of reading (Marshall, 2009). 
Type Description 
(Canonical) reading (Canonical) reading refers to the (surprisingly rare) type where the 
reader starts at the beginning of the text and reads the contents 
linearly. They aim at comprehension. 
Skimming While skimming, the reader is looking to get the hang of what the 
text is about, without a comprehensive understanding of its contents. 
They advance linearly but aim at quick impression instead of deep 
comprehension. (In general usage, the term seems to be often used 
loosely, covering other types of reading behavior not covered by 
canonical reading.) 
Scanning Scanning resembles skimming in some ways: the reader does not 
read the whole body of text but jumps around the text - reading 
becomes non-linear. 
Glancing In glancing, the reader takes a look at the pages and their elements 
(including pictures and tables), looking for a page or section that 
looks promising to have interesting content. 
Seeking Seeking does not seek full comprehension at all but specific points 
in text, for example proper nouns. 
Rereading Rereading refers to reading the text and its passages many times, 












Table 2. Categories of reading (Adler et al., 1998). 
Type Description 
Reading in order to identify Glancing at a document only in order to identify which 
document it is. 
Skimming Reading rapidly in order to establish a rough idea of what is 
written, and to decide whether anything is useful, or whether 
anything needs to be read in more detail later. 
Reading own text to remind Reading specifically in order to remind oneself of what to do 
next, e.g., a To Do list, shopping list, Post-It note.  
Reading to search/answer 
questions 
Reading to search for particular information: to answer a 
question, for reference, or to obtain information necessary to 
make a decision Goal-directed - the reader is sampling 
information in the text which satisfies the goal of the search. 
Ranges from very simple goals to complex decision-making or 
problem-solving tasks. 
Reading to self inform Reading for the purpose of furthering general knowledge 
without any specific goal to which the information will be 
applied. 
Reading to learn Reading with the goal of being able to relate or apply 
information at a later date. This can refer to reading to review 
the basic concepts for discussion, or it can be much more 
reflective in nature.  
Reading for cross-referencing Cross-referencing documents in order to integrate information. 
Includes reading from multiple sources or reading from one 
source. It can be for the purpose of writing, and may well 
include some editing activities. 
Reading to edit or critically 
review text 
Reading in order to monitor what has been written in terms of 
content, style, grammar, syntax, and/or overall presentation. 
Includes editing one’s own text, seeing how one’s own text fits 
into a collaborative document, or the review of the text of 
others.  
Reading to support listening Reading in order to support listening to someone else talk (e.g., 
following a presentation by looking at a series of slides).   
Reading to support discussion Referring to text during a discussion in order to establish a 
mutual frame of reference and focus for discussion. Usually 
takes place in a synchronous collaborative situation (e.g., sitting 




There are many aspects to reading behavior, including selecting texts (text types and 
individual titles), reading online/on-screen versus on paper, and how the reader reads the text 
(McKay, 2011). Reading behavior may also include annotating the text, adding another dimension 
to the activity (Marshall, 1997), which is supported by PDF and e-book readers for digital 
annotation (Marshall, 2009).  
McKay (2011) studied e-book usage in an academic library using e-book reader log 
analysis, describing generally how readers employ types of reading when reading e-books. 
However, they did not do groupings of readers into reader groups with distinct reading styles. An 
interesting point by McKay is that readers move through texts and reading may or may not be 
involved in this action. McKay also concludes that reading is not sequential in academic books – 
different types of “skimming” are used. However, e-book may not always be analogous to a 
website and a browser interface – but McKay noted that academic e-book reading behavior 
resembled that of other scholarly articles. 
Adler et al.’s (1998) study gives a different perspective. In the study, fifteen people self-
reported their reading activity, followed by structured interviews with each participant. From this 
data, ten categories of reading were formed (Table 2). Compared to Marshall’s types of reading 
(2009), these seem to be driven by motivation for document activity instead of techniques of 
accessing a singular document. One of these categories – “reading to edit or critically review text” 
– even refers to reading in order to be able to write something. 
Types of reading are also linked to purpose of reading. Knutson (1998) describes 
distinction between two types: reading for information and reading for pleasure. These alone do 
not define how we read but there are also situational factors such as available time.  
In this dissertation study, all participants speak English as a foreign language as opposed 
to native language. This may also affect how they read; it was not specifically measured. 
The sessions in this dissertation study involve a small task given to the participants before 
the test starts. It is designed to give participants a purpose for reading; however, it is not very 
detailed and serves as motivation to try out technical functionality as well. (And it turns out 
participants had different motivations for reading, more on this in the Results section.) As it stands, 
this study is both about reading and associated technology. An important aspect is not to restrict 
readers too much; this creates a challenge, as purpose (given or imagined) for reading is important 




Zhang & Duke (2008) tie reading purpose to reading strategies; they refer to types of 
reading (as described by Marshall (2009)) as reading strategies as well. In their study with twelve 
participants (“expert readers”), they describe how “good” readers creatively and actively employ 
different strategies when reading, whereas “poor” do not. They also argue that reading online 
(where there are multiple types of media and abundance of information) it is especially important 
to employ these different strategies. One notable aspect of reading online is following hypertext 
links to other websites and documents.  
Complementing Knutson’s two reading types, Zhang & Duke identify three important 
purposes: seeking specific information, acquiring general knowledge, and being entertained. In 
their study (in which the reading task was notably more varied and complex than the one used in 
this dissertation study), they identify and analyze over fifty reading strategies, i.e. “applies prior 
knowledge about content to evaluate the credibility of Web site,” “uses cursor to keep focused,”2 
and “ignores advertisement on purpose,” related to the three purposes. However, they listed many 
strategies that they only observed a single participant to use. It is easy to imagine that the use of a 
browser extension in relation to reading would add quite a few additional strategies in their list. 
It is interesting to note that Zhang & Duke list only two strategies that are shared by all 
three purposes: skimming and scanning. Perhaps the types of reading listed by Marshall could be 
considered “high-level” strategies as opposed to very detailed (and often purpose-specific) ones 
reported by Zhang & Duke – even if other Marshall’s types are not listed in their overview. 
2.3. ANNOTATION AND DICTIONARIES 
A text (or any document) can be augmented by different markings as a part of reader’s 
engagement with the material. This practice—annotation—is alive in the digital world, too; 
different document readers support highlighting and note-taking and saving the annotations with 
the document. Even though a major part of the reading that happens today happens using a web 
browser, browsers themselves have few annotation facilities. This can be, to some extent, assisted 
by different browser extensions. 
Annotations themselves can take many forms and serve many purposes. They can mark 
reading or interpretation of a passage, link parts or concepts, or serve as a community memory, 
and other things (Marshall, 1998). They can be markings in a text or placed in another container, 
                                                 




such as a notebook, with references to original document (Renear et al., 1999). According to 
Mangen, Walgermo, & Brønnick (2013), online documents lack spatial cues present in print 
documents, therefore it is possible that annotation could provide such cues (marks in the document 
that help the reader keep track where they are reading and recall earlier passages). This is 
reinforced by Johnson & Nádas (2009) explaining in their study that on-screen annotation could 
make a contribution to the development of good mental representations of texts. 
Annotation methods can be classified using dimensions of annotation that were introduced 
by Marshall (1998) (Table 1). These include annotation as writing v. reading, permanency, 
privacy, and scope (global v. institutional v. workgroup v. personal). These dimensions extend into 
the digital world as well; they are applicable to different kinds of annotation practices online, 
including collaborative annotation. One dimension could be added to these: automated v. manual. 
This dimension would measure whether the annotation process is run by a computer algorithm or 
by a human. 
 
Table 3. Dimensions of annotation (Marshall, 1998). 
Dimension Description 
Formal v. informal Whether annotation follows standards and conventions (e.g. 
metadata) – an example of the opposite would be personal 
scribbled notes in marginalia. 
Explicit v. tacit How directly the annotation addresses what it is about – or 
whether it is a left without reference to its purpose and 
function. 
As writing v. as reading Whether the annotation is created as part of writing activity or 
as a byproduct of reading. 
Hyperextensive v. extensive v. 
intensive 
Difference between link- or structurally-oriented annotations 
– especially in connection with hypertext. 
Permanent v. transient Permanence of the annotations. 
Published v. private Privacy or publicity of annotations – whether they are 
published or kept only for the annotator. 
Global v. institutional v. 
workgroup v. personal 





It is worth noting that annotation of hypertext documents (web pages) was supposed to be 
included in the first version of the Mosaic browser, but was left out due to technical reasons. It 
was supposed to be a collaborative platform to be used for discussion about each page’s contents 
(Andreessen, 2013). Especially with this background, it is interesting how today’s browsers still, 
in their default configuration, lack facilities to make, save, or share user-made annotations. 
An interesting experiment by Gao, et al. (2013) sought to find out whether highlighting of 
keywords in machine translated texts can make readers overlook translation errors and focus on 
what was actually intended by the message – among other things. In their study, one group had 
sentences with random highlighting, another with no highlighting, and the third one with keywords 
of each sentence highlighted. They found that with proper highlighting of keywords, messages 
were perceived clearer and less distracting. 
Unwanted or unnecessary annotation can also be disruptive or harmful (Gier, Kreiner, & 
Natz-Gonzalez, 2009) and impair reading comprehension. They did not measure the effects of the 
amount of information that is highlighted but the pilot study (Chapter 4) provides some clues. 
Dillon (1992) has reviewed other measures of reading comprehension, from the viewpoint of 
reading from paper versus reading from screen. They could provide ways to measure the impact 
of an annotation system as well. Dictionaries can be used in conjunction with automated 
annotation.  
The dimensions of annotation (Marshall, 1998) (Table 3) are lacking one relevant 
dimension in regards to this study: whether the annotation is produced by the reader or an 
automated agent. This study concerns a browser extension producing annotations of the latter type 
– transient, formal, tacit, private annotations. There are a number of reasons for this approach; 
these are described in detail in Chapter 4. It could be conceived that another tool like the one used 
in this study could produce annotations of different type; in Chapter 5 there are many comments 
from study participants about potential development directions. 
Different lexica have been gathered and created for different purposes, including text 
analysis. According to Tauscik & Pennebaker (2010), word use is highly contextual, and studies 
about the use of language and dictionaries do not necessarily hold with different groups of people. 




important and relevant. Wikipedia lists words to watch3 and 1000 basic words4 which are examples 
of word lists that could be useful dictionaries, perhaps especially when users are not native English 
speakers. 
Another approach – or a framework – is the information foraging theory which can be 
applied to human behavior on the web or navigating web documents and can provide some context 
for this dissertation study as well. Pirolli & Card (1999) explain that humans attempt to maximize 
the rate of gain of valuable information and in as little time as possible, get as much relevant 
information as possible, and optimize their behavior to that aim. Adapted from Budiu (2019), 
central terminology of information foraging includes concepts as: 
 
 Goal: The aim of information-seeking behavior, which in this case is information. 
 Patch: Analogous to patches containing sources of food in animal world, this is the 
information source such as a website.  
 Forage: Action associated with the behavior, such as search for information.  
 Scent: How promising a potential source of information appears to the user. 
 Diet: Totality of the information sources that a user may consider in order to satisfy an 
information need. 
 
This gives interesting vocabulary to discuss a system where user’s scent could lead to 
valuable information. Pirolli & Card also introduce enrichment which is the process where the 
forager molds the environment to fit the available strategies.  
2.4. WEB AUGMENTATION 
Web augmentation refers to methods and techniques which manipulate web documents, 
either on their own or in interaction with the reader. They can add content, menus, features, or 
annotations, and also remove content, such as what ad blockers do. Web augmentation is closely 
tied to digital annotation. 






Applications of web augmentation5 are typically implemented as browser extensions, 
either as native extensions or scripts for an extension framework such as Greasemonkey6 or 
Chrome User Script Handler7. There are also some custom browsers that use web augmentation 
techniques for digital annotation. Their function is somewhat limited: they are not complete 
browser applications but built for a specific purpose with a certain feature set.  
Wikipedia has been used as staging ground for web augmentation applications (Díaz, 
Arellano, & Puente, 2010; Tuomela, 2015); its standard structure and text elements make it easy 
to manipulate and its purpose as a free encyclopedia makes it an interesting target for 
augmentation. Díaz, Arellano, & Puente added a new layer (“WikiLayer”) into the Wikipedia. 
Google’s search results are another suitable target for web augmentation: Schwartz & 
Morris (2011) presented augmentations to help assess credibility of web pages by visualizing 
different factors within Google’s search results page, however they provide sparse details about 
their technical implementation. Another example of search result modification is SearchPreview8 
which also works with Yahoo! and Bing searches, adding thumbnails of each search result. It is 
implemented as a browser extension, and there are versions for Google Chrome, Mozilla Firefox, 
and Apple Safari browsers.9 
Horváth & Šimko (2013) created a Google Chrome browser extension that used 
dictionaries for substituting words on a web page for their foreign equivalents. Their idea was to 
expose the reader to unknown words. They reported that reading speed slowed by 30 percent but 
that users were able to learn and remember new words.  
Zucker (2010) developed their own browser application that did context highlighting of 
web pages. They tested whether its use improved quiz performance and preparation time. Their 
                                                 
5 Somewhat incomplete list of augmented browsing applications can be found on Wikipedia: 
https://en.wikipedia.org/wiki/List_of_augmented_browsing_software. 
6 Greasemonkey is available for Mozilla Firefox and browsers based on it; more information at 
http://www.greasespot.net/. 




 More information about SearchPreview: http://searchpreview.de/ 
9 I use this extension and I have found that often I rely on the screenshots instead of textual results in deciding which 
result to follow. It is easy to have an expectation of the site you are looking for and then only look for results that 




results implied that proper context highlighting could improve test results, but the correlation was 
not significant. The application is no longer available online.10 
2.5. EVALUATION 
This study concerns an evaluation of a software system with a graphical user interface 
through web augmentation. As such, both conducting the evaluation and reporting its results 
require attention.  
Borlund & Schneider (2010) describe the simulated work task simulation as a realistic 
information requiring situation that motivates the study participant to search the information 
retrieval system. They provide two important aspects of the approach. First, the simulation causes 
a simulated information need. It allows the study participant to make their own interpretations of 
the simulated work task situation and therefore leading to “cognitively individual information need 
interpretations as in real life”. Second, they describe the task simulation as the platform against 
which the study participant judges situational relevance. Such a task simulation is used in this 
dissertation study in a light form (the task description appears in Appendix A), and was 
successfully used in the pilot study that informed this study.  
Borlund & Ingwersen (1997) describe four purposes for this task: (1) The source of the 
information need; (2) The environment of the situation; (3) The problem which has to be solved; 
and (4) Serves to make the study participant understand the objective of the search. The task 
simulation in this dissertation study is short but seemed to be effective: it established these four to 
the test participants.  
Another approach, introduced by Gaver, Dunne, & Pacenti (1999) is cultural probes. An 
interesting aspect of it is how it deals (or is okay with) uncertainty and open-ended tasks. From its 
perspective, perhaps the task description for this study (Appendix A) does not seem so weird. 
According to Gaver, Boucher, Pennington, & Walker (2004), cultural probes embrace 
“uncertainty, play, exploration, and subjective interpretation” as ways of dealing with limits of 
knowledge. From these factors come open-ended and playful task descriptions as described in their 
article. 
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 This is a frustration of the author; many interesting tools are thesis projects that vanish once the project is over. I 




Gaver et al. (2004) emphasize that controlled procedures actually mask uncertainty and 
that this uncertainty should be embraced instead. However, the responses investigators can receive 
from study participants are not necessarily directly straightforward and need lots of interpretation. 
At the same time, open-ended tasks open the way for surprising results (in contrast to specific tasks 
which often yield expected results).  
The cultural probes approach is interesting in the context of this study, as I am using a 
(very) open-ended task and do not expect to get direct, black-and-white answers to research 
questions. This dissertation study seeks to dive into unknown waters. One concern I have had is 
the task description – it is very open but does it give enough information or purpose for the task? 
On the other hand, additional information might direct study participants to a certain direction, 
leading to responses that go along a specific route. 
An important aspect of this study is also the design of an application where its users are 
participating in giving feedback and actually participating in the design as well. The responses that 
are part of cooperative or participatory design could also be seen as part of evaluation but they 
should be assessed as giving clues to the design process. This approach is usually associated with 
Scandinavian countries (Denmark, Sweden, Norway) as it was developed there in the 1970s (van 
der Velden & Mörtberg, 2014). 
This dissertation study does not employ a well-defined design cycle (as discussed by der 
Velden & Mörtberg), though – but some elements that are central in participatory design are worth 
mentioning in the context of this study: 
Situation-based action. It is important to recognize that action (which is observed) and 
design always happens somewhere; it is situated. Attention is paid of people’s expertise of their 
day-to-day activities. In this dissertation study, the design process of a browser extension is 
described and test sessions feature the expertise of study participants in a reading experiment, 
which has a task statement giving a situated setting. In a sense, the participants are co-designers in 
the development process. 
Mutual learning. In the beginning, the designer has all the strings in hand but as the process 
evolves, the people (study participants) learn about the process and design. In this dissertation 
study, there is an experimental piece of software that is used in a test setting and it involves learning 
on the behalf of the participants but the observer/investigator will also learn from the sessions and 




Tools and techniques. In participatory design, it is important that the tools and techniques 
that are used enable the users to become co-designers in a sense. This may involve ethnography 
which is a common technique in participatory design. In the test sessions of this dissertation study, 
there are dialogues with the participants and the session is designed to elicit comments, even 
critical, of the tool being used and the development process in general. 
Alternative visions about technology. Again, in participatory design, it is important that 
participants in the process have a say in technology design. This involves also freedom of pre-set 
technology choices – different opinions about technologies to be used should be part of the design 
process and this may lead to replacement of a technology solution provided by vendor by another 
which better reflects the needs and values of users. As mentioned before, this dissertation study 
does not follow a complete design cycle and certain technological choices are pre-made by the 




CHAPTER 3: REALTIME SENTIMENT ANALYSIS EXPERIMENT 
This chapter is adapted from Tuomela, M. (2015). Revealing textual polarity patterns with 
a web browser extension. Proceedings of iConference 2015.  
3.1. SENTIMENT ANALYSIS AND WIKIPEDIA 
Sentiment analysis, also called opinion mining, is a set of technologies and methods 
primarily used by information scientists and other professionals. Typical applications include 
detecting emerging trends and evolving opinions from large data sets—such as from millions of 
tweets – from product reviews (Hu & Liu, 2004). 
Traditionally, the results could be presented as a summarization of text, focusing on 
extracted sentiments, and Hu and Liu describe their methods as a form of summarization. While 
being a powerful approach, its usual applications leave its use outside the grasp of non-
professionals. At the other end of the process of knowledge acquisition is the user and the user 
interface. Today, the web browser is the de-facto interface to access online materials. The web 
interface offers several ways to improve, modify or augment the user experience (Díaz, Arellano, 
& Azanza, 2013). 
Wikipedia is an excellent staging ground for both sentiment analysis and web augmentation 
applications. Because users are already familiar with the interface, the same familiarity could be 
leveraged to present them additional information (content, layout, navigation) associated with the 
part of web page they are viewing. One example of this is an automatically generated summary of 
a Wikipedia article, added as an ordinary-looking section at the end of the article (Díaz, Arellano, 
& Puente, 2012). 
At the same time, there are specific expectations regarding the style of text used in an 
online encyclopedia, and topics of some of its articles are highly controversial, leading to "edit 
wars" that are detrimental to the quality of the article and make it more difficult for a reader to 
assess its reliability. These controversial topics vary from one language version to another, but 
certain topics and manifestations of controversy seem to be universal (Yasseri, Spoerri, Graham, 
& Kertész, 2014). 
As annotation can be seen as an important method of how the value of a document grows. 




and widely used method of emphasizing relevant parts of a document, both in physical and digital 
texts (Zucker, 2010). 
I wanted to find out if digital annotation by text highlighting is a reasonable approach for 
revealing positive and negative patterns in text in order to help understand the structure of 
arguments and take note of the specific tone used in sections of the text. 
3.2. BACKGROUND FOR SENTIMENT ANALYSIS 
Radev and McKeown used a knowledge-based summarization system to produce text 
summarizations of news articles (Radev & McKeown, 1998). A heuristic system like this seems 
usable in coping with the current challenges of the volume of data (big data or sometimes even 
data deluge), but the complex architecture in their work requires heuristic understanding of 
linguistic concepts and producing new content hides the structure of the original document(s) that 
the reader might want to retain. While Hu and Liu’s work on feature-based opinion summarization 
system (Hu & Liu, 2004) does not produce or aggregate new content (template instantiation) but 
involves summarization by sentiment classification of individual texts. 
Hu and Liu (2004) showed that a straightforward rule-matching method can be an efficient 
and accurate classifier for product reviews. In their study, the texts were product reviews for 
personal media devices (cameras, media players, etc.) and the source texts were expected to 
express some opinion about the subject. With word lists of about 10,000 words in two categories 
(’positive’ and ’negative’), they were able to correctly classify reviews’ polarity with an accuracy 
of over 80 %, in some cases even over 90 %. 
Instead of rule-matching, machine learning can be used to achieve better accuracy and to 
adapt to specific topics. Support Vector Machines, Naive Bayes, and Maximum Entropy are some 
more advanced methods of classification using machine learning. Pang, Lee and Vainyathan 
(Pang, Lee, & Vaithyanathan, 2002) were able to get consistent classification accuracies with 
SVM, NB, and ME using combinations of unigrams, bigrams, parts-of-speech tagging and other 
features – however, the combined accuracy for each result stayed between 80 and 90 percent. 
Actually, in some cases, relying entirely on unigrams (single words, as in Hu and Liu 
(2004)) yielded better accuracy than using bigrams or combinations of other methods, which 
asserts us that unigram-based rule-matching method is a reasonably accurate approach for 




Even though these accuracy levels exhibit some challenges in determining sentiment, they also 
show that a simpler, unigram-based approach can still be viable and even justified, even if 
potentially more advanced methods exist. 
Using various different methods and lexicons, sentiment analysis has been successfully 
used to extract sentiments along the axis of subjectivity-objectivity (Pang & Lee, 2004), emotional 
emphasis on various levels (Boldrini, Balahur, Martínez-Barco, & Montoyo, 2010) or even gender 
of the author of a text (Mukherjee & Liu, 2010). 
3.3. WEB AUGMENTATION AND ANNOTATION 
Web augmentation’s applications include improving, "fixing" and modifying web pages’ 
navigation and layout, and adding new content to the hypertext document, thus augmenting it. This 
is typically achieved by means of browser scripting, using JavaScript and some software 
framework made for this purpose, e.g. Greasemonkey (Díaz et al., 2013; Zucker, 2010). 
Even though the benefits of text highlighting and other types of annotation in documents 
are not entirely clear – and annotations can be distracting as well as beneficial (Marshall, 1997) – 
it has been shown that they can assist in communication by highlighting keywords in a machine-
translated text (Gao, Wang, Cosley, & Fussell, 2013) or help a reader understand the discourse 
(structure of opinionated text) in a document (Mihăilă et al., 2013). This type of highlighting would 
be feasible to be used in a web interface in a digital annotation fashion that Marshall considers a 
"fundamental aspect" of hypertext (Marshall, 1998). 
Díaz et al. argue that augmentation as an annotation-type mechanism can make it easier for 
people to participate in editing Wikipedia (Díaz et al., 2012). In their approach, a custom 
Wikipedia plugin supplements existing content with a summary of aggregated information 
retrieved from other Wikipedia articles and websites, each user potentially having customized 
content and experience fit to their needs. 
They argue that this approach is perceived as appropriate, helps monitor quality of articles 
and inclines readers to become editors. It is also important for the user to have the content 
customized to their own purposes.  
Wikipedia is a convenient environment for studies of web augmentation because it has a 
consistent structure and interface, with a lot of freely accessible content available. At the same 




competing editors defend their edits and submit new revisions without reaching a consensus. 
Analyzing these conflicts can lead to understanding of collaborative content creation as well – and 
conflicts in general (Yasseri et al., 2014). 
 
 
Figure 5. The Wikipedia article on cocaine with keyword and paragraph highlighting description of negative medical effects. 
According to Gao et al., highlighting keywords in otherwise irrelevant or unreliable text 
can help a reader to focus on relevant parts of a text (Gao et al., 2013), while Zucker has 
quantitatively shown (Zucker, 2010) that assisted keyword and context highlighting can improve 
reader’s comprehension and knowledge acquisition. Use of digital annotation as means of assisting 
discourse analysis and need for aggregation of different means of annotation has been noted by 





 Controversial topics on Wikipedia are associated with conflicts, resembling other spaces 
where collaboration happens. Even though conflicts can have positive outcomes (consensus 
resulting in a better end product), they also make the collaboration less effective (Yasseri et al., 
2014). These factors make the study of controversiality so interesting and relevant. Wikipedia is a 
suitable and relevant platform of study for this topic as well. 
 According to Yasseri et al. (2014), controversies result from differences in opinions and 
views. Studying these differences could yield insight into how controversies form and what makes 
an individual text controversial or problematic. One part of the dynamic is also the reader (and 
potential collaborator in the case of Wikipedia) and their ability to see what is going on. As 
described in the previous subchapter, web augmentation (highlighting) could be used to study how 
these situations form in a Wikipedia article. 
 Combined with technology that enables the reader to have this insight “on the go”, the 
reader might be able to see – either just by glancing or by reading and observing in detail – which 
parts of the article are problematic or where there is an evolving situation that might need attention. 
Sentiment analysis could be one part of a solution to do this, and therefore the system I propose is 
built around such an approach. 
3.5. AUGMENTATOR BROWSER EXTENSION 
3.5.1. Aims and approaches 
In order to make sentiment contained in discourse visible, I proposed a system for 
automatically augmenting a web document by highlighting expressions according to their opinion 
polarity classification. The prototype system for sentiment indication is a UserScript extension11 
for the Google Chrome web browser. When the user navigates to Wikipedia, it detects the 
Wikipedia web layout and analyzes the main article content, classifying expressions according to 
Hu & Liu’s opinion lexicon of roughly 7,000 keywords12 (Hu & Liu, 2004). 
The extension visualizes the classification in two ways: (1) comparing each word with the 
opinion lexicon and highlighting every matched keyword with either green ("positive") or red 
                                                 
11 As of 2020, Chrome no longer supports UserScript extensions – they have to be run using another extension such 
as Chrome User Script Handler. 
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("negative") background color; and (2) highlighting the paragraph where matched keywords are 
detected with either light green or light red background color, depending on general sentiment. 
Paragraphs that contain an equal number of positive and negative keywords are not highlighted 
this way. 
There are several reasons for this approach: 
 
● I want the reader to be able to distinguish between augmented content and original article 
by not modifying any other elements than words’ and paragraphs’ background color. 
● The main content of a Wikipedia article is textual, hence graphical elements stand out 
from the text. 
● Text on a Wikipedia article is black with white background, hence changing a word’s 
background is a convenient way to emphasize a word’s importance and it does not 
obscure the text in any way. 
● A text paragraph is a conveniently-sized block of text providing context for highlighted 
expressions. 
● Thanks to Wikipedia’s consistent web layout, it facilitates systematic analysis and 
augmentation of its textual content (Díaz et al., 2012). 
The highlighting resides in a background layer that would otherwise be plain white; 
Augmentator does not change the textual content, but provides a set of visual elements that make 
an alternative approach to the article possible. 
By using this extension, I expected to see the reader from the following: 
 
● The reader is able to use pattern recognition abilities to gain additional knowledge about 
the article – instead of systematically reading the textual content. 
● By observing the highlighted patterns, the reader is able to get an overview of the 
structure of opinions and polarized expressions within a paragraph and the whole article. 
● By noticing exceptions in expected patterns, the reader is able to recognize points of 
interest, such as alternative viewpoints or to take note of controversies. 
● The reader’s own judgement is assisted by the ability of being aware of the number of 




● The reader is able to assess the overall quality, style and trustworthiness of the article, 
based on the amount and patterns of highlighted expressions and paragraphs. 
● Non-native speakers will be able to quickly get an overview of the general sentiment of 
the text. 
3.5.2. Evaluation of Wikipedia articles 
It was expected that different types of articles yield different polarity patterns and the 
accuracy of the polarity analysis may vary as well. To test this, I identified a set of Wikipedia 
articles with varying quality and structure and observed how the extension highlights their contents 
(summary in Table 1). This preliminary one-person evaluation was to be used in designing a further 
empirical study, and while Yasseri et al. note there are several efforts to statistically detect 
controversies in Wikipedia articles (Yasseri et al., 2014), the controversiality as discussed herein 
is a subjective assessment. 
For each article, three ratings are listed: (1) Controversiality is a measure of how 
contrasting opinions and strong sentiments the article is expected to attract; (2) Quality is the 
subjective perception of how well written and informative the article is; and (3) General sentiment 
is the overall polarity sentiment as judged by the author. 
The article for Westboro Baptist Church is consistently highlighted with the red color, 
reflecting the controversy and strong opinions regarding the group. Numerous negative keywords 
were detected, rendering most of the article red – which was the naive assumption, given the 
general sentiment and media coverage of them. However, even if the group itself is controversial, 
the content of the article is not, and there are no visible irregularities in the text. 
The article for cocaine is long, informative and otherwise of apparently high quality. Even 
though drugs in general may be controversial, there is a consensus that cocaine is a dangerous 
substance if abused, and it is involved in much of the drug-related crime in the United States. Its 
detrimental effects on health and other negative issues (death, suffering, crime, abuse) are 

















medium medium negative Almost the whole article is 
highlighted with red colors, with 
many references to ’protest’. This 
corresponds to the public’s sentiment 
towards the organization. 
cocaine high high negative Corresponding to the negative health 
effects and associated crime, parts of 
the article are clearly deemed 
'negative’, but highlighting makes it 
clear where alternative viewpoints 
and history of the substance are 
presented. 
Optimus Prime low low neutral/mixed Even though the topic is not 
controversial per se, the highlighting 
shows a large number of polarized 
expressions. The article has been 
tagged as needing attention, and the 
number of highlighted expressions 
might reflect this. 
machine gun low medium positive Machine gun is a lethal, powerful 
weapon. Its advantages over ordinary 
rifles are clear, which makes the 
article ripe with positive expressions 
– even though the effects of the 
weapon itself are terrible. 
Toyota Tacoma low medium neutral As a somewhat technical description, 
the article is straightforward in style 
with a low number of polarized 
expressions. 
 
The word pair "strong imbalances" demonstrates the shortcomings of the system: the word 
"strong" is highlighted as being positive whereas "imbalances" is not highlighted at all. Other 
negative words in the same paragraph still turn the context negative. One more positive passage 
that stands out is the part about historical recreational and medicinal use, and is reflected in the use 






Figure 6: Highlighting by the Augmentator extension reveals a section that details positive effects of cocaine use. Note the high 
number of detections in the quote from a manufacturer in the third paragraph. 
Machine gun is an advanced, powerful weapon and the article describes it in a neutral tone. 
The positive expressions describing its features do not reflect its use as a means of killing people. 
Even though the function of the weapon involves death and destruction, the article discusses its 
technical merits, effectiveness and power, and the general sentiment is thus, perhaps surprisingly, 
positive. 
There is no controversiality in the article for Toyota Tacoma, which is an article about a 
popular automobile and its technical features. There have been no recalls or court cases regarding 
safety and the car is described in general, neutral terms. An article for an engine (instead of a 
branded automobile) could be expected to be even more neutral in style. 
Regardless of individual misclassifications of keywords, paragraph classifications 




3.5.3. Accuracy considerations 
The accuracy of classification by sentiment analysis is somewhat dependent on the domain 
in which it is used. Automobile and bank reviews seem to be easier to classify than reviews for 
movies and travel destinations. Comments about the film’s narrative and themes can be misleading 
if taken out of context and thus a lexicon gathered from a single domain might be significantly less 
accurate in other domains (Turney, 2002). 
This was shown in some cases with the Augmentator extension as well. In the article for 
Toyota Tacoma, the expression "downhill" was classified as negative (assuming it was a figure of 
speech), even though it was a neutral (explicit) reference to the vehicle’s performance. In the article 
for cocaine, the word "fictional" in the passage "Arthur Conan Doyle’s fictional Sherlock Holmes" 
was classified as negative using Liu & Hu’s lexicon (Figure 6). 
In the case of Wikipedia augmentator, the classification process was straightforward and 
visible detections of keywords were shown to the reader, helping to resolve any potential 
misclassifications. Nevertheless, observations from the articles discussed above implied that 
context (paragraph) highlighting still did an adequate job in visualizing the prevalence of 
opinionated expressions in text as it is now. 
Prominent types of disagreements between Augmentator and a human evaluator regarding 
an individual word’s classification included (1) homonyms ("fine" as being of high quality versus 
a punishment); (2) domain confusion ("downhill" as something becoming worse versus moving 
down a hill); and (3) objectivity disagreement (a neutral, objective expression perceived as 
opinionated in a certain context). In addition, there were a number of obviously opinionated words, 
words with suffixes and spelling variations not included in the lexicon. Surrounding HTML tags 
also posed a challenge to the current version, leading to fewer matches. 
Difficulty of improving sentiment analysis results – or generally, to develop an effective 
classifier without building a complex natural language processing system – is notable. The rule-
based matching can still be improved in a number of ways, such as detection of features and 
subfeatures, in some cases using bigrams (and n-grams) instead of unigrams (Hu & Liu, 2004; 
Pang et al., 2002) or introducing intermediate elements that negate or neutralize the sentiment of 
matched keywords (Pang et al., 2002; Reckman et al., 2013). In the Augmentator extension’s case, 




necessarily offering better precision – and I postulate that for this application, a high precision rate 
is not essential. 
3.6. LESSONS FOR THE FUTURE 
Even though this was an early work, I believe that the approach has great promise. The 
Augmentator prototype showed that using sentiment analysis approach for visualizing the polarity 
structure of hypertext is feasible and practical. Highlighting articles using sentiment analysis has 
a variety of potential uses including aiding comprehension of the content, clarifying rhetorical 
structure, and helping assessment of an article to decide whether it needs editing for certain kinds 
of bias. 
Empirical evaluation is the next step, but already I have some thought-provoking insights 
from the activity of building the tool, presenting it and simply trying it out on a variety of different 
articles. Seeing it operating gives ideas of different use-scenarios that informs the particular kinds 
of evaluation to undertake. 
The visualized polarity classification seems to help identify where different aspects of an 
issue are discussed and how opinionated a text is. This would hopefully assist a critical reader in 
comprehending the structure of the content and assessing its quality and potential problematic 
areas. Nevertheless, it is clear that the sentiment analysis algorithm used has a considerable error 
rate in individual classifications. The examples in this chapter clearly illustrate the kinds of errors 
that can occur. Certain words are highlighted that should not be, given their use in context, and 
others that should be are not highlighted. 
Fortunately, there is the intriguing possibility that the substantial error rate in individual 
word classifications might not be as catastrophic for actual use as might be expected. It seems that 
certain users may be able to tolerate quite a lot of individual word errors and still find the tool 
useful overall – in this dissertation study there are many examples of how readers reflect on 
perceived errors they encounter. Many ignore them or do not notice them – but many also do notice 
wrong classifications and comment on them, while still thinking they will benefit from the use of 
the extension. 
Classification of paragraphs – which was not done in this main dissertation study – may be 
good enough for the purpose of this chapter. Acceptability may also be helped by the simplicity of 




so, it is easy to see why and to perhaps “forgive” or tolerate a good enough algorithm. In the main 
study, this behavior was indeed apparent – readers seemed to appreciate the fact that what the 
extension did was so readily visible and easy to discuss. On the other hand, they did report a lot of 
perceived mistakes, perhaps they were seen as more serious than they would have in this simpler 
sentiment analysis experiment. 
The accuracy of classification varies by the domain – in some cases, erroneous 
classification can be confusing. As the use of ’weasel words’ (ambiguous, opinionated 
expressions) are not desirable in an encyclopedia text, the ones overlapping with the used lexicon 
are easily detected. Hence, the Augmentator could be developed into a quality-assessment tool to 
help editors vet out improper language and patterns of text. One direction for future research would 
be to find out what the correlation between the detected expressions and other metrics of text 
quality is – many high-quality articles are designated as ’featured’ or ’starred’ so they would be a 
logical choice for evaluations. 
Even though polarity classification based on the unigram lexicon is somewhat crude, it is 
efficient and easily approachable. The accuracy could be improved using different methods, but 
dimensions other than polarity could be detected as well, and visualized either separately or fused 
into one unified augmentation layer. 
It seems that despite the considerable error rate in individual classifications, classification 
of paragraphs is practical and accurate enough to be used in assessment of polarity in a Wikipedia 
article. The Augmentator extension made it easier, faster and cognitively cheaper to skim through 
an article while observing its general characteristics, assisting the reader to find relevant passages 
therein. I expect future empirical research to yield quantitative data on the cognitive benefits of 
Augmentator – and the main study in this dissertation is one step in that direction. 
From this study rose a question: with different types of highlighting, could different signals 
be communicated? In this sentiment analysis experiment the visual search aspect was important 
and could be leveraged to gain insight into polarity shifts within an article (even without reading 
the actual text), and also by showing individual classifications to the readers, the resulting 
highlightings could be understood as insightful patterns.  
It seems that different visual patterns produced by highlighting could give new type of 
insight into texts. But how complex could these patterns be without acting as a distraction, and 




enough, or should other types of visualization (like highlighting whole paragraphs, as was done in 
this sentiment analysis experiment) be used as well? How would a writer benefit from highlighted 
words in a text they are writing?  
In the following chapters, some of these questions are answered, but some are moved to 
future work as well. The main study concerns another browser extension which highlights words 
– and not paragraphs – with several different colors using different dictionaries. Designed as a 
reading aid, it has a more practical purpose, not so much as for analysis but an everyday tool to be 
used when studying and exploring research texts. This sentiment analysis experiment proved a 





CHAPTER 4: METHODS 
4.1. BACKGROUND AND DESIGN 
 After the realtime sentiment analysis experiment, I sought to develop it further to be a more 
general platform for experiments. For the new version, I developed a set of design principles 
derived from the earlier experiment: 
 
 Expandability: The extension needs to be expandable (by modifying the source code) with 
new dictionaries. 
 Presence: The extension should not be a piece of software to be “used” when the need 
arises but a companion that is present on web pages visited and an integral part of the 
browsing experience. 
 Ease of use: The associated interface to control the extension should be easy to approach; 
it should have only the essential features – the ability to switch the dictionaries on and off. 
This also means that the interaction with the software should consist of single clicks instead 
of a potentially too complex set of interactions. 
 Understandability: The extension should only add highlightings to words and do nothing 
else. The aim is that the annotations are specific and clear. An additional aim is that when 
there is a problem (erroneous highlighting etc.), the reader is able to understand what the 
extension did and therefore be able to ignore the error. 
 
The new version would be a step to the direction of a general platform for research and 
experiments; a solid technological basis would be needed for that. Both the technology and overall 
concept was tested in the pilot study, both of which are described below. 
4.2. TECHNOLOGY DESCRIPTION 
The browser extension used in this study is a UserScript extension for the Google Chrome 
browser. It uses web augmentation techniques to modify web content. It is developed using 
JavaScript and the open source jQuery library13 which makes it easier to traverse and manipulate 
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elements of a web page. It works on all platforms where the Chrome browser (desktop version) 
runs and has been tested on Windows, Mac, and Linux platforms. In the future, the extension 
should be available at the Google Web Store for easier installation on different platforms, however, 
currently it requires an extension such as Chrome User Script Handler to install and run. 
The extension adds a small, transparent box in the upper right corner of the page, showing 
a number of checkboxes with labels (Figure 8). The checkboxes correspond to in-built dictionaries, 
containing a selection of English-language words in different categories. The dictionaries have 
been built manually from different word types that were highlighted in research articles by I and 
the principal investigator.  
There are currently three categories: 
 
● Rhetoric: structures in a normal text; such as but, however, although. 
● Opinion: words that compare things or describe their measure; such as more, much, low, 
high. 
● Commentary: words found in research articles pointing out details relevant to the 
research; such as significant, surprisingly, result (Screenshot 2). 
An earlier version used in the pilot study (2016) also used 
 
● Sentiment: dictionary from Hu & Liu (2004), used in the earlier version for sentiment 
analysis; contains around 7,000 words mined from movie reviews. 
After clicking on the checkboxes, the user can see the effects immediately; new words are 
highlighted with the corresponding color.14 The ease of trying out the categories makes exploratory 
approach feasible, possibly even fun. 
The tool can be described using Marshall’s (1998) dimensions of annotation (Table 3) in a 
number of ways. It is important to notice that the dimensions are thought to be continuums instead 
of binary (or in some cases trinary) options. The tool produces semi-formal annotations whose 
generation and appearance follow a certain pattern but do not contain metadata or other hidden 
information beyond what can be seen with naked eye. They are also explicit: a word is highlighted 
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 However, if the category has a large number of words (such as the sentiment dictionary), seeing the results can take 




with a rectangular bar that leaves no questions about its meaning. The highlighting is created by 
the tool for the reader – thus it is annotation as reading15. 
However, in this case, the annotation is not created by the reader. This tool’s highlighting 
is transient: it is gone in the blink of an eye, and generated on the fly. The question of whether this 
annotation is public or private is interesting: the code and dictionaries are freely available and 
published but the highlightings are created for each user based on their choice of web document 
and dictionaries. Finally, as hypertext annotation, it could be seen as having global value as it can 
be applied to all kinds of websites by anyone using the browser. For the proposed additional 
dimension of automated v. manual, this is an example of an automated annotation process, where 
the document is processed by a computer program according to instructions given by the user. 
Another way of describing the system is by the information foraging theory’s vocabulary 
introduced by Pirello & Card (1999). This annotation generated by the tool is an external 
enrichment that modifies the information-seeking environment. The different colors produced by 
the highlighting could be different scents as described by the theory. Therefore, the aim of the 
system would be to help the user find different types of valuable information – and by introducing 
colored highlightings, visual search could be augmented so that the user’s cost of gaining the 
information is not high. It should be noted that while the cost of gaining valuable information is 
not the most important factor, according to the theory, users are expected to optimize their 
information-seeking behavior and find approaches that cost less.  
Editing the dictionaries is not currently supported by other means than directly editing the 
source code. However, it has become apparent that some kind of editing feature would be welcome 
and would also make it easier to stage new kinds of experiments. The contents of the current 
dictionaries are listed in Appendix D. 
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Figure 8. The extension used on an article at Plos One, with the Sentiment dictionary still visible. 
4.3. PILOT STUDY 
In April, 2016 a pilot study was conducted by the author at the University of Illinois at 
Urbana-Champaign. The main purpose of the pilot study was to scope out directions for the actual 
dissertation study and help formulate research questions and hypotheses. The study examined the 
use of a web browser extension by students, specifically 
● How they discover the extension’s features on their own in an exploratory  manner 
● How they deduce what the different dictionaries are, and   
● Whether they find the extension helpful in finding relevant parts of the text while 
skimming and glancing. 
There were four test participants, University of Illinois graduate or undergraduate students, 
who were approached on school premises or contacted by email and asked if they would be 
interested to take part in the study. If they agreed, they were scheduled a time when they would 
take the test at Graduate School of Library and Information Science’s building or at the Siebel 




To find out whether the users would figure out the functionality of the extension, they were 
not given information on what it does, instead encouraged to try it out and discover it by 
themselves. This was in hopes that the users’ comments and answers to the questionnaire would 
inform the study about how convenient the current dictionaries are and how natural the experience 
is. 
After filling out the consent form and optionally choosing their own pseudonym, audio 
recording was started and they were given the task on paper. It was a fictional email from a friend, 
suggesting to check out the browser extension but without telling what it does. Subjects were 
directed to the online journal Plos One and asked to pick one article of their interest. 
 
 
Figure 9. The transparent selection box as it appeared during the pilot study. 
The browser extension was installed on the browser on the computer before the test began. 
It would show a box with checkboxes and numbers 1-4 (Figure 9). The user could click on 




the article and try different checkboxes. While they were reading the article, they were asked to 
talk aloud what they were thinking. This was recorded on a mobile phone for later transliteration 
and analysis, consent for which was asked in the consent form.  
After the 15-minute tryout, the following questions were asked from each participant: 
● Why do you think your friend asked you to try out this extension? 
● What do you think this extension does? 
● How did switching the checkboxes on affect your reading of the article? 
● Who do you think this extension is for? 
● How would you change this extension? 
● What do you think the highlighting colors mean? 
● Were there things that surprised you? 
In addition, they were asked how “techie” they were and what their education level was. 
The answers were recorded again as a voice recording on a mobile phone for later transcribing and 
analysis. The computer did not do any logging or other recording. 
Even though the participants chose pseudonyms, here I will use P1...P4 instead. 
Participants were good at exploring the extension’s features – they tried different 
dictionaries in different parts of the article and had a good grasp on what it did. They also deduced 
contents of the dictionaries and discussed their expectations and what they saw on the screen. How 
they discover the extension’s features on their own in an exploratory manner. 
Most importantly, most of the participants saw the extension as having potential to be 
useful, for them personally or for someone trying to gain more insight from the article, possibly 
while skimming or rereading it. The variation in answers implies that there are different reading 
and studying styles and the extension might not have the same effect on everybody’s reading. 
Several participants also mentioned that they feel their opinions are personal experiences and they 
do not expect others to have the same views. 
The participants mentioned two reading types in addition to canonical reading: skimming 
and rereading. By skimming, they probably mean a number of different types of reading as listed 
by Marshall (2009): glancing, seeking, and skimming could all apply. The extension seems to have 




● (Canonical) reading: P3 mentioned that without the extension, they read more slowly and 
more carefully, and that they prefer to have no highlight on the first read.   
● Skimming: P2 said they thought the extension helps the reader to get to the “meat of the 
research”, which is very much what skimming is about. According to P4, the extension 
helps skimming when you have to go through a lot of information very quickly. 
● Scanning: All participants scanned back and forth the article they were reading and made 
observations about different parts and said that highlightings attract their attention (and 
lack of highlighting makes them ignore parts of the article). P3 said they just jump to where 
they see the colors. 
● Glancing: Detecting important page elements could be more helpful with the tool: as with 
scanning, P3’s seeking behavior could be considered glancing. 
● Seeking: P1 mentioned that the extension is helpful if looking for context dependent words. 
● Rereading: P3 said they prefer to first read the text (or sections) without highlighting, then 
go back and reread them with highlighting on. 
One of the categories, based on the opinion lexicon by Hu & Liu (2004) (used in the earlier 
realtime sentiment analysis experiment) seemed confusing to test participants; they could not 
figure out what it represented or how it could be useful. One reason could be that all its words, 
positive and negative, were included together and were colored green (as opposed to red and green, 
for example).  
One particular example of the confusion is the word “cancer” which was included in the 
sentiment lexicon because of its negative connotation but in an article about cancer treatments it 
tricked the participant to think this is a domain-specific word and therefore possibly all the words 
highlighted with green might be related to the domain.  
4.4. TEST SESSIONS 
A larger study, informed by the previous pilot study and the earlier experiment with 
realtime sentiment analysis, was conducted from April to October, 2019 at Aalto University in 
Espoo, Finland. This study, the output of which will be analyzed in detail in next chapter, had a 
total of 24 participants. All participants were students at either the Aalto University or the 





● Contacting an instructor who forwarded an invitation to their students,  
● A student newsletter, 
● A student organization’s mailing list, 
● An invitation on a bulletin board. 
The sessions were held at the usability lab (“iLab”) at the Aalto University Computer 
Science building (Figure 10), except for session 8 which was conducted in a study area in the same 
building due to iLab being used for other purposes. The author was the investigator conducting the 




Figure 10. Test setup at the Aalto University iLab. The laptop computer on the left was used by the test participant, the one on the 




Each session lasted about 30-40 minutes and consisted of the following sections, with 
estimated times: 
 
1. Reading a pre-chosen article16, 10-15 minutes 
2. Reading an article chosen by the participant17, 10-15 minutes 
3. Interview questions (see test description in Appendix A), 5 minutes 
10 of the 24 sessions were conducted in the Finnish language; the others in the English 
language. None of the participants spoke English as their first language. Each session’s audio was 
recorded on a mobile phone and then transcribed into a text file. Transcripts from sessions that 
were conducted in Finnish were then translated into English by the author. In addition, field notes 
were made of each session and were used to help with the analysis. 
22 of the participants were students at the Aalto University and 2 were students at the 
University of Helsinki. As an incentive, a cinema voucher was provided for each participant. 
There were a couple of exceptions to the test protocol: P1 used a blog post instead of the 
second article and P7 read three articles.  
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CHAPTER 5: RESULTS 
Most of the participants were students at Aalto University’s engineering programs and 
probably had a more technical approach to the browser extension that other students or people 
from other groups might have had. Even though most of the participants came from an apparently 
homogeneous group, in practice their behavior and responses were quite diverse. Some 
participants were very analytical and described their experiences verbosely without prompting or 
any additional questions; some were rather quiet or required some additional instructions, or did 
not say anything before being explicitly asked about the experience (they were asked to share their 
thoughts – or “thinking aloud” – while reading).  
 
Table 5. Description of open coding used 
Open code Properties Examples of participants’ words 
Reading types References to types of reading 
Reading sequentially 
Playing around with the document 
Skimming 
Rereading 
“Yeah, it clearly went so that if there 
was a longer stretch without any 





Wanting to know more 
Learning new things with the 
extension 
“This is very handy there because if 
you would just read it like that you 
wouldn't notice it when you are used 
to read a bit more opinionated text.” 
Own reading and 
annotation habits 
Mentions of how they read and 
annotate on their own 
“I usually do highlight sentences 
because, like, maybe, like, to see what 
is the main point, sometimes I cannot 
understand very quickly, then I will 
highlight to make sure that I will 




Comments on how the extension 
should work better 
“I can't clearly distinguish between 
Opinion and Commentary. I feel like 
they all three do almost the same thing 
or the idea behind the words is the 
same.” 
Suggestions General ideas about how to 
develop the extension further 
“The uppermost and lowermost color 
are, like, quite similar, so it is not 
entirely sure which means which. You 




Many participants listed small errors and omissions they noticed and gave helpful and even 
detailed suggestions about how to improve the software or how to develop it further with new 
functionality.  
Using open coding, selected quotes from the 24 transcripts were divided into five groups. 
Description of the open coding used here is listed in table 5. Further analysis of each code follows. 
5.1. REPRESENTATIVE SESSION 
This is a complete transcript of a single session, including answers to the interview 
questions, as transcribed and translated from session number 10, to illustrate how a typical session 
worked out. The original session was conducted in Finnish; this is a translation. 
P10: Yeah, it looks a bit like that with this you could, without reading the article 
in detail, like, look for relevant parts of the text, probably. 
P10: The uppermost and lowermost color are, like, quite similar, so it is not 
entirely sure which means which. You have to check by clicking.18 
MT: What does it look like? 
P10: Hmm... Well, very simple, does not take too much space there, it doesn't, 
like, disturb on that page. But indeed, makes it possible to browse a bit easier, this 
text. Now you kind of concentrate on these, these parts where there are these 
words marked, so other parts will be read quite quickly now… 
P10: Quite well, easy to understand how this is used, so... 
MT: Yeah. 
MT: I could ask whether you normally, like, read some articles from beginning to 
end sequentially or... 
P10: Well... yes, probably, I don't get to read that many articles but, or pretty often, 
but then I probably, like, read the whole text usually.19 
MT: Yeah. 
                                                 
18 This is a problem mentioned by several participants: the colors used for Rhetoric and Commentary are both 
blueish and a bit similar. 




MT: Here you can also jump around a bit so you see what it looks like in different 
parts.20 
P10: But yeah, this seems to make it easier to find important things from here, 
you just have to trust in this thing that those, those things are marked21 here, those 
which are important but... when it works it makes it easier to read the article. 
MT: Are there parts where it does not work, then? 
P10: Mm... I don't... not much actually, so there's always this little detail that 
there's some abbreviation which has been explained before, then you have to go 
check it out from there but it's easy to see there anyway, so... Nothing else comes 
to my mind. 
P10: Maybe this a bit encourages you to, like, jump past a larger chunk of text and 
then you think whether something important was said there anyway. 
MT: Yeah. 
MT: I could encourage you a bit to look at other parts of this article, a little bit 
further. 
P10: Yeah. 
MT: Does it look any different there? 
P10: Ummm, well... I can't really say, but the beginning that I read was a bit like 
introduction to the topic, so... in a way these help you to get like a picture of what 
is discussed but... 
P10: Well, when you read the results, you immediately see if they mention, like, 
correlation analysis, you immediately get really quickly a picture of what has been 
done here, you don't have to read something necessarily like even image captions 
or more in detail, you get really quickly an idea of what has been used here. 
P10: But if you only browse, like, for example this whole chapter then no, you 
don't get a good, like, I don't get a clear picture of what, what this result in the end 
is. 
MT: Yes. 
                                                 
20 Some participants did not need any kind of prompting before they started sharing their observations and ideas. 
This varied a lot; with this participant there was some dialog. 
21 Participants used many different words to refer to highlightings. They sometimes said the words were “marked” 




P10: But it seems that this would help find kind of a paragraph of text which you 
should read, whole sentences anyway.22 




Figure 11. This is what P10 saw when they were commenting that they immediately see if they mention, for example, correlation 
analysis. 
P10: Well I think I have gone through this article. Yeah. 
MT: So, at the top there's a search field, so from there you can search Plos One 
for what you want. And indeed, that laptop is slow, so... That one which currently 
says "data science", write something in its place. 
P10: Does this have a certain field? 
MT: There's stuff from many different fields. Including medicine, information 
science, and everything in between. 
P10: Is there anything related to physics there... (laughs) 
                                                 
22 This may refer to tendency of readers to concentrate on sections of text where there are highlighted words visible. 





MT: It's a bit slow laptop so wait a little bit... 
P10: Let's check out that one. 
MT: So, it's the same deal as with the previous article, so read it and tell me what 
it looks like. 
P10: Well from this abstract I get some picture of what they are going to do here 
but not very specific, specific yet.23 
MT: What does it look like? 
P10: Mmm... I don't know if I read the first article a bit more in detail but, like, I 
haven't got a detailed picture of this yet, so by browsing these sentences that are 
near these, these words. But you kind of get this kind of ideas, kind of, or, like, 
individual notions which have to be taken in account related to this kind of an 
experiment. But in a way I haven't really got a complete picture. 
P10: Now in here they concentrate a lot on these equations but these words, these 
individual words which have been marked here so they, like, in this case help a 
bit to understand that, well... For example, here there's 'expects' then well, it isn't 
necessarily exactly a theoretically proven matter, but it acknowledges that you can 
take it into account here, that this is kind of, like, expectation thing but it isn't 
necessarily a sure thing. 
MT: Yeah. 
P10: So, in a way, if you in general get to browse something like this where 
equations are pretty important, so then you may, kind of, look at each equation 
like, maybe skip that text in between. Maybe this helps a bit, so that here there's 
something marked in between so you can read only that single sentence from what 
has been marked. 
MT: There are plenty of equations there. 
P10: Mm. Yeah. 
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Figure 12. P10 mentions equations and the highlighted words in the text between them. 
P10: But here, for example, I noticed that quite well this skipped this text from 
here or, kind of, picked those words from there, then you read the last sentence 
and it said that these things explain this equations and you could easily go back 
and look for what those words where, 'very cold', 'extremely small'. you quickly 
get a picture of why they had an equation like that. 
P10: I could imagine a bit that this would also work when you have read the article 
in detail and then use this to remind you where the important parts are, without 
having to mark them beforehand. 
MT: There's quite a bit in the image caption. 
P10: Yeah. 
P10: It seemed that when reading this image caption there's a section explaining 
what, what happens in different parts, so there it didn't maybe help that much but 
then again in this part which explains results from the image it seems to help a bit. 
MT: Will you take a look at the end of the article, after that we could move to the 
interview questions. 
P10: Yeah. 




P10: Here it, for instance, pretty well combined these two, red from here and took, 
like, some words from 'increasing versatility', 'very difficult', immediately brings 
a connection between these two here. And you find very easily that more tests are 
needed, I don't know if that's very relevant. 
MT: Yeah. Let's see, I have some questions here. Well at first, what do you think 
this extension does? 
P10: Well, it seemed to, helps to find... Well, it helps you to find, like, important 
points from the text, so... Well, those which have been used to describe there, they 
are in a way true but it is not, like... it doesn't mark them, like, important word but 
apparently now, then, somehow is related that certain kind of words, they are used 
in connection with describing important words, this kind of finds them, those 
words which help to find the important parts from the text. 
MT: Well, when you switched the checkboxes on, did if affect your reading in 
some way? 
P10: Hmm... You mean like compared to if nothing is on? Yeah, it clearly went 
so that if there was a longer stretch without any markings then you kind of skipped 
it almost completely. Actually, I didn't read them and then always if something 
had been marked you tried to read that sentence from there or look for, like, a 
couple of important words from that sentence.24 
MT: Okay. Who do you think this extension could be for? 
P10: Well I would think that if you have to, in general, look for information from 
some article, well, you are a student or, related to work, if you have to, well... read 
some scientific articles and find from there a little bit... get some kind of a picture 
of it, well, what it is about.25 
MT: Yeah. How would you change this extension? 
P10: Well, there isn't much here, this doesn't explain things but it is such a simple 
user interface that you quite quickly understood what, what it is supposed to do. I 
can't directly come up with what, what could be wrong with it. Maybe, like, with 
this quick reading I don't know how much it helped, at least it clearly changed the 
reading experience.26 
                                                 
24 An important thing to note is that they first implied they read sequentially but with this extension they seem to 
have changed the reading style. Also, they mention again that they skipped parts that had no highlighted words. If 
they had kept reading sequentially, they would have read those parts as well. 
25 This is a very common answer: people who read a lot. Many also give reasons why they think so; they say the use 
of the extension makes it possible to read faster or make it easier to find important points. 
26 This participant mentions that it “doesn’t explain things” – even though they did not consider it a problem, some 
others have thought they would have needed an introduction to know the extension better before using it. This will 




MT: Yeah. Was it clear to you what the colors and categories meant? 
P10: Yeah, I would think so.27 
MT: Was there anything that surprised you? 
P10: Mm... Nothing comes to my mind as a matter of fact. 
MT: Straightforward? 
P10: Yes. Was quite simple and easy to use. 
MT: Do you have any thoughts on how this works technically? 
P10: Well I kind of imagined that it could be related to some machine learning 
thing, so you have some, you have somehow taught with some, or someone has, 
for example given it certain texts and seen that it can work with them and after 
that has been given new texts, it kind of tries to replicate same kind of activity.28 
MT: Yeah... I still have one last question which is in general, because this is in 
principle under development, to which direction it should be developed but... do 
you have any thoughts on it? 
P10: Well... I don't know, maybe this wasn't such a good idea, I thought about it 
when reading at some point, that if this would have a possibility to take 
screenshots or something, to highlight some things from the text, so that... a quick 
way to modify that text by yourself, but I don't know if  it, if it's the most sensible 
way, if it's just easier to take a copy somewhere and do the markings by yourself.29 
MT: Yes. But these were my questions, I will stop the recording now and thank 
you very much. 
5.2. READING TYPES  
In addition to reading types, there are reading styles: combinations of reading types that 
vary from reader to reader. They are difficult to quantify but I think it seems that there could also 
be a “reading profile”30 for each reader; a collection of strategies the reader uses to approach a 
                                                 
27 There were varying answers to this: some reported they did not understand the categories or specifically 
mentioned the Opinion category as one they understood. 
28 It was common for participants to make assumptions of more advanced technology being behind the extension. 
This may also be related to trust they feel toward the technology, which then may affect how they experience the 
highlightings produced by the extension. This is another topic that will be discussed in later sections. 
29 Many participants did not have suggestions at all; some suggestions were rather technical in nature. 




document. An interesting question is what the extension does to these approaches, and what the 
effect is like for different kinds of readers. Do specific classes of readers emerge? 
During the sessions, many readers made references to reading types or, more generally, 
ways they approach reading. It should be noted, though, that the word “skimming” in general 
parlance may refer to several different reading types (as described in Marshall’s (1998) types of 
reading) where the reader “jumps” around the article. 
This section concerns Research Question 1. 
“I usually read... how to say, each row, like... sequentially, to understand and not 
to, I don't know, jump over something that might be important.” (P16) 
 As described by this participant, they usually read using the canonical reading type of 
reading. They explain that they fear they might miss something important if they resort to other 
types of reading (“jumping”). This provides a motivation for a reader to keep reading sequentially, 
starting from the first line and then going on until the last one. 
 However, this type of reading seemed to be rare among the participants, at least in the test 
situation. Most participants described other reading types, involving this “jumping” around the 
article in some ways, possibly encouraged or assisted by the automated highlighting produced by 
the extension.  
“I don't get to read that many articles but, or pretty often, but then I probably, like, 
read the whole text usually.” (P10) 
“I could imagine a bit that this would also work when you have read the article in 
detail and then use this to remind you where the important parts are, without 
having to mark them beforehand.” (P10) 
 This touches upon one of the main goals of the extension, to assist in finding relevant parts 
of the document and in reading it in detail. These comments do not explicitly mention sequential 
reading, though, but “reading the whole text” implies it to some extent.  
“Yeah, it clearly went so that if there was a longer stretch without any markings 
then you kind of skipped it almost completely.” (P10) 
This quote demonstrates an important instance of possibly problematic behavior. Very 
quickly users thought that only those parts of the article where they can see highlighted words are 




Considering that P10 seems to be a sequential reader, this could be a case where the presence of 
the extension alters the reading style. Now that the highlightings are available, it is easier to browse 
around the article and try to find sections worthy of noticing. 
“I suppose these checkboxes help me to read and skim through text when it's very 
big and long and I want to section out certain parts of the text” (P21) 
“I feel like when I'm skimming the text, my mind tries to read as much highlighted 
words as possible, so if I'm reading the first sentence and I want to skip to another 
sentence, my mind immediately goes to the next sentence with some words that 
are highlighted.” (P21) 
“Yes, exactly, so without the checkboxes on, it felt like a big blob of text and it 
felt a bit boring, I was skimming but kind of skipping even more, but then with 
the checkboxes on, all of them on, I felt like it was just less boring, easier to read 
and I was reading a bit more of the text than I originally was without the 
checkboxes.“ (P21) 
 This participant describes in more detail their feelings about a “big blob of text” that felt 
“a bit boring” as there were no highlighted words (though this was about the text in general with 
the highlighting function switched off).  
 In these snippets there is an interesting tidbit: this participant says they skimmed and 
especially skipped more when there were no highlighted words; the highlighted words made the 
text more interesting and resulted in less skimming – and also made the text easier to read. Visual 
aspects of the annotation are interesting – one could also think the colors are distracting, annoying, 
and making the text more difficult to read, but this participant did not think so. 
One of the aims of the extension was to support skimming and other “real-life” ways of 
reading an article but here it seems that in some cases the effect might be opposite – it can 
encourage sequential reading as well. 
“Is this highlight for people who want to quickly skim the article?” (P11) 
The previous comments are somewhat in contrast with this question from a participant. Do 
the highlighted words indeed support skimming (or other non-sequential reading types) or 
sequential reading? Another question is whether it is for people who intend to skim or for those 




“This is something that I am able to see these are to highlight the main areas like 
so that it's easy for me to skim.” (P13) 
“I would say, like, these keywords are somehow helping me to just skim through 
the text.” (P13) 
 In these comments, the participant specifically thinks the highlighted words help them to 
skim through the text. The participant, like many others, also refers to highlighted words as 
“keywords”, implying that they consider the highlighted words somehow important to 
understanding the article. It depends on the participant and the situation what their understanding 
of the actual inner workings of the extension is; in these comments the participant does not seem 
to know what causes the effect (of helping to “skim through”) – just saying they are “somehow” 
helping. 
“Actually, I was just skimming through just the commentary that... skimming just 
the commentary and I was not much able to get the grasp of what he's trying to 
say.” (P13) 
“So, I was just thinking that just to skim, to skim this article, if I'm just going to 
use that specific one, will I be able to get the answer to that question that is already 
there. Just by skimming and reading only those lines not the complete article.” 
(P13) 
“And, of course, once it is highlighted, it's easy to skim also.” (P13) 
The same participant can have conflicting views on the efficacy of the highlights. Here, 
they refer to skimming using the highlighted words, which was not helpful in the commentary 
section, but later they think it is still possible to find answers. This is an experience shared by many 
participants: the use of the extension does not necessarily help with reading the article or finding 
relevant parts, but it can make the text easier to read or especially skim through.  
Several participants also mentioned “finding answers” to questions, either ones they came 
up with themselves or something they found in the article and then tried to look for relevant parts 
using the highlighted words.  
“So, it's like it was just skimming because I just read, I skipped like two, three, 
depending on the paragraphs, or four lines because they were not highlighted. So 
that's how I switched and of course it depends that if I'm just thinking about the 
Opinion ones, to skip through it so it really depends on the user, why he is coming 
to this article and what actually he wants. So, it's like it was just skimming because 




because they were not highlighted. So that's how I switched and of course it 
depends that if I'm just thinking about the Opinion ones, to skip through it so it 
really depends on the user, why he is coming to this article and what actually he 
wants.” (P13) 
The same participants as in the previous comments describes their logic of skimming in 
more detail. They refer to the Opinion dictionary used by the extension. In this case, they discuss 
their motivation for reading the article – is it to find answers? Or something more general? 
“I tend to, like, search. Yeah, visually. Where is the, like, the highlights of this. 
For example. Because this is new, then I feel that I would like to play around and 
see... so which one does it think is opinion or...” (P3) 
This participant refers to visual search as motivation to “play” with the extension and see 
what it does. They are fascinated by the new extension and would like to try it out – and especially 
what the extension considers as opinion (again, based on the Opinion dictionary it uses).  
The playful approach has been one motivation in the development of this extension’s 
previous version (detailed in Chapter 2) which visualized sentiment in Wikipedia. However, for 
serious reading, does one need playful attitude? But another question is whether the extension and 
its output are approachable to the user. If there is a sense of freshness in its visual representation, 
it could create an atmosphere of friendliness (or even playfulness) that makes the user feel able 
and invited to try it out.  
“I do jump around but reading articles I read every line when, like, it's something 
important, I generally read the whole thing. And if it's something, like, specific I 
have to find in it, I then jump around, find what should I read, where should I go 
to read. So right now, like, I don't know what it is about but it seems to be 
important so I just wanted to read what it means, so…” (P19) 
 In this case, the participant describes a hybrid between skimming and sequential reading: 
they do not mention the highlightings, but mention how they “jump around” to find relevant 
sections of the document and then read those in detail. (One feature of skimming Marshall’s (1998) 
types of reading is sequentiality – the reader proceeds in one direction while “jumping”.) 
[What do you mean by "second read"?] “Reread, basically. You reread and rethink 
the sentence. Usually when you're reading research papers, you just try to quickly 
read it because it's usually long and so you don't rethink particular sentence. So if 
you see that this sentence is being, for example, all the sentence is Opinion, the 




example, like, so the temperature was high, instead of saying their exact number, 
say like the temperature was high, like, how high. So... yeah, the tool come handy 
in this kind of case.” (P17) 
 Rereading is one of Marshall’s types of reading. It means going back to reading a portion 
of the document – and in this comment the participant describes the experience of rereading parts 
of the text using the extension. They comment on how seeing many highlights from the Opinion 
dictionary makes them suspicious of the statements contained in the text, as they consider them to 
be sort of non-factual statements (opinions).  
 This idea, which is repeated by some other participants, is that the highlighting are some 
kind of “warnings” – they either highlight words to be avoided or expressions that warrant extra 
attention from the reader. The reader can become more aware of the context of the expressions or 
the structure of the expressed opinions.  
“Seeing these in a scientific article thing, I would say for scientists who skim read 
a lot more but I think it could be also applied to normal people if they want to try 
it on, for example, articles, because of the thing I already tried on, or yeah, I just 
don't think it could be useful for readings like novels or something, pretty much I 
don't think that could be a point, so it's for informative stuff for sure, I guess.” 
(P23) 
 This comment touches upon different situations and documents one could be reading. In 
the small quiz section of each session there was a question about who the participants think this 
extension could be for; the usual responses were for researchers, scientists, students, generally 
people who read a lot. The original intent for the extension was to aid students in reading research 
articles.  
This participant also does not think it would be useful when reading novels. Why not? The 
obvious answer is that novels are read using sequential reading and this extension supports 
skimming and other types of reading. On the other hand, another original intent for this extension 
is also to visualize structures of arguments and general structure of the document, especially when 
the text is difficult to comprehend. In that context, an extension like this, I believe, could be at 
least an interesting experiment even with works of fiction. 
[If I may also ask, do you often jump around or skim around research articles?] 
“Yeah. I'm that kind of person who very much (unintelligible) follow in down the 




the content of the articles. Especially the ones that have double columns. Yeah, 
so that's my usual kind of looking for information.” (P24) 
[What do you think this extension does?] “I think it's supposed to highlight the 
words that might help you, like, aid in your reading of the article in different ways, 
so that you understand better, maybe are able to read it faster and maybe can pay 
attention so that the knowledge you get from the article is more, maybe, better 
because you can pay attention to potential bias or opinions.” (P24) 
[Who do you think this extension is for?] “Hmm... I guess maybe students or just 
other professionals that have to read a lot of articles and maybe they want to get 
a lot of information but in a fast and efficient way. So, I guess if you have to read 
ten of these a day, it would become hard to focus, so you'd have to have some aid 
in the article.” (P24) 
 People, their reading habits, and aims are different and therefore, it should be expected that 
what they might gain from using this extension also varies. This participant describes their 
difficulty with concentrating while reading and which can also result in “jumping around” the 
article. They also describe how they think this extension’s purpose is to help people “get a lot of 
information but in a fast and efficient way”. They mention that it could also help people focus on 
the text if they have many articles to read. 
5.3. CHANGING RELATIONSHIP WITH THE DOCUMENT 
 Every reader has their own unique relationship with the document and that comes from 
their own personality, reading behavior(s), attitudes and other aspects. In this section, I analyze 
how the reading with the browser extension contributed to a change in the relationship the 
participant has with the document they are reading, or a more pronounced understanding or 
connection with the text in general. This change of relationship might also mean employing 
different types of reading. 
The theme of connection or relationship with the text is especially relevant in regards to 
the extension itself, as one of its design priorities was to provide the reader a new kind of a 
perspective into a document – one that could also be used to gain new kind of insight from the 
text. 
This section concerns Research Questions 1 and 2. 





 To start with a case where there does not seem to be a special relationship, this participant 
described their relationship with the text they are reading as lacking “connection”. This comment 
came as they were finishing reading the first (pre-chosen) article. Despite using the extension to 
highlight words, they felt  
“This is very handy there because if you would just read it like that you wouldn't 
notice it when you are used to read a bit more opinionated text.” (P8) 
“I noticed that it perhaps attracted my attention to those clauses and made me, to 
some extent, to question the content of the article all the time. The extension 
brought up those unscientific parts.” (P8) 
 These comments demonstrate an observation several participants shared. The Opinion 
dictionary highlighted words associated with opinions and comparisons and this participant even 
considered the highlighted parts “unscientific” – something to be critically considered. This is an 
example of the reader attaching their own ideas to annotations – the extension just shows that it 
thinks a word is an opinion word, the reader has the idea that it is somehow problematic to have 
opinion words in the article. As this is actually unintentional from the perspective of the extension, 
it could also be problematic: will the reader consider highlighted opinion words (coincidentally 
marked with a red or pink color) points to be wary of in general? It is possible that this is also a 
product of trust the reader feels toward the extension.  
When a word is highlighted, the reader may think there must be a sensible reason for it, 
and comes up with an explanation justifying it, instead of challenging it. It is an interesting question 
how more introduction or instructions could change it – if the readers know what the extension 
actually does, would they treat its highlightings differently? It may currently be presented as a kind 
of an “authority”. 
 The participant also noted that without this extension, perhaps a random reader would not 
even notice the opinion words and realize that they exist within the text. In their opinion, this kind 
of words signal things that should be questioned or even considered unscientific.  
“In general, what I like most here is the opinion thing... because it shows me... 
sometimes just read over these opinions that still have an effect on you, see that 




 This participant, as many others, commented on how being aware of opinions is helpful. 
They note that opinions have an effect on the reader and being aware of them helps getting a critical 
view of the article.  
 The idea of a “critical view” and “awareness” of opinions is repeated over and over again 
in the comments. The Opinion dictionary seemed to ultimately be the easiest of the three to be 
understood by the participants; it also had a direct connection with the purpose of the highlightings 
in the text – it was possible to attach a meaning to the color: a warning. One of the original ideas 
for this software was to produce a “map of the minefield” (compare with the sentiment analysis 
experiment detailed in Chapter 3) with the intent that by one glance the reader could get a grasp 
on which parts were “dangerous” to read – containing text that requires extra attention from the 
reader. 
“There's a lot of colors here, in this article. That maybe means there's a lot of 
opinions there. I would like to extract something, I see there are a lot of colors 
there, but what does that mean for the text? I think there would be a lot of opinion 
and I know that it's a lot of 'more' and 'less' and... that's maybe good to know. But 
then it's an exciting change, so it's someone's very enthusiastic about what's 
happening.” (P1) 
 An interesting view into the mind of the author of article they are reading: perhaps the 
colors mean the author is enthusiastic about the subject matter. This way, the colors and patterns 
may signal attitudes and even feelings of the author. Some participants did note noticeable 
differences in types of highlightings between documents and combined with the idea that the colors 
also convey feeling, it would also mean that different documents have a different “feeling” 
perceived by the reader just by glancing at the colors.  
“At least it kind of directs your sight into those areas where, like, it came into my 
mind that if I take them away, then it is all the same kind of text, then if I start to 
read the text like this and look for those words. Then I switch them on and it, like, 
shows me that there are lots of them, it's like the feeling of the text changes if 
there are a lot of underlined words or none at all. I am not completely sure yet, 
like, in what way it changes but at least it gives you a different feeling when you 
browse it.” (P4) 
 Here, another participant directly references the “feeling” of the text that changes 




 It should be noted that personal preferences seem to vary a lot regarding to how much color 
(highlightings) people prefer to have in a document. Already in the pilot test (described in Chapter 
4) it was noted how some wanted to have as many highlighted words on the screen as possible 
while some wanted as few as possible. This means that also the perceived “feeling” of the text 
could depend a lot on personal preferences. 
“What surprised me is that my perspective of reading paper has changed a bit 
because of this. So, before this, I kind of took research papers and (unintelligible) 
but now I'm like, hmm... Of course, the authors would put in their opinions in the 
paper. So, yeah, put a little bit energy in my thought process about reading papers 
now. I'll always see opinions in papers, like oh no!” (P17) 
 This participant, too, thinks opinions are perhaps problematic and that making the opinion 
words visible “put a little bit energy” in their thought process. This comment also suggests using 
this extension might give them new permanent kind of a perspective into reading research papers, 
not limited to this constrained and temporary experiment using the extension. It is not clear how 
well one would notice the opinion words when reading documents without the extension. 
“I'm sure about the Opinion because it's... I see it as underlining the words that 
might be, umm, might indicate that it's more of an author's opinion than, so, some 
sort of conclusion that the author is making in the reading the article. I guess that 
would be useful as a warning for... like, to understand it in a better way because 
you see which parts are just stating facts and which are maybe more of 
assumptions.” (P24) 
“I guess maybe this is, this can be used to determining the quality of an article in 
some way because in general, because scientific articles should be in some way 
scientific so the language should be appropriate or... then maybe it's important to 
see how much of it might be more of an opinion versus just comments or stating 
some sort of data facts.” (P24) 
“I guess the idea is that, yeah, I could get some extra information about the article 
while reading it. Guess it's part of the interface. Maybe... it's also trying to warn 
me about some things, like to pay extra attention to them, not just read them 
blindly and memorize. Yeah, to make it more aware. Especially this Opinion thing 
is making me think that it's supposed to warn me about something bad because of 
the color, so... these blue colors seem more informative while the red is, yeah, 
seems more like a warning, maybe.” (P24) 
 The Opinion dictionary prompted many comments about its usefulness and thoughts about 




notes that while the Rhetoric and Commentary dictionaries used shades of blue (or turquoise), 
Opinion used a shade of red (pink) for highlightings.  
“Well those highlights kind of bring some structure into it but... Yes. Well they 
kind of create some structure. Especially, like, that kind of scientific text is pretty 
much, like, homogeneous batch of course, because there is, like, a certain kind of 
structure and so, but maybe they, kind of, highlight from there certain things 
which then, of course, when they have been highlighted, stand out better. Maybe 
it then brings there some certain structure and maybe can better notice certain kind 
of text and the author's own, like, perspective and so that a bit of what kind of 
things are there.” (P18) 
“Conclusion is very short but full of these of the Opinion category, which is also, 
like, very understandable. What else. Well, maybe you also notice with that, like 
in this Discussion section, you kind of notice how these Commentary or how 
different categories get centered around in the text. So, you notice that they are 
not evenly mixed but there's clearly structured text.” (P18) 
 This participant describes how Opinion and Commentary categories (but did not mention 
Rhetoric) contributed to helping the reader to understand the structure of the document. They also 
refer to scientific text being “homogeneous batch” that perhaps needs structure visualized to 
become more approachable.  
It is interesting that the Rhetoric dictionary is not mentioned here; the purpose of that 
dictionary is specifically to visualize structure of arguments and making them more 
understandable. It is possible that highlights from the Rhetoric dictionary are not that useful in 
visualizing the structure, as the Opinion and Commentary categories highlight content that is seen 
as more important. The type of language visualized by each dictionary could also be important: 
especially the Rhetoric dictionary contains words used in a more formal context than everyday 
language, therefore it is possible that expressions highlighted by the Opinion dictionary are simply 
more approachable and understandable. 
“So of course, you paid more attention to them. So that then it, kind of, directed 
the reading. And I am sure in those clauses where there was a checkbox, or 
highlighting, you paid more attention to those. And especially to that word which 
was highlighted but well you paid more attention to those. In a way it brought 
some rhythm to reading and structure to the text and I also don't know maybe it 
steered pretty much so that you noticed specifically those words and clauses and 




Attracting the reader’s attention has been already documented but here is another example 
of where the reader feels the highlighted parts direct their reading. They even refer to “rhythm” 
that the highlighted words bring to reading, as well as structure to the text. What has been said 
about the potential dangers of directing the reading also applies here: if the reader only reads the 
highlighted areas and skips or skims parts that are not highlighted at all, they may miss important 
sections of the text. On the other hand, skimming is a valid reading type as well; one might benefit 
specifically from a skimming aid instead of something that helps the reader read sequentially. 
“At the moment, I think it emphasizes some correlations in the study. So... 
emphasizing a couple of words in order to, I'm assuming, find easier a couple of... 
key data from the article.” (P16) 
This is a case where the reader feels the extension’s highlightings help them to find 
correlations in the study and more easily find key data from the article. As the function of the 
extension is rather simple, it does not actually find correlations or key data; however, its general 
function is designed to bring out relevant passages to the reader. 
“Well, when you read the results, you immediately see if they mention, like, 
correlation analysis, you immediately get really quickly a picture of what has been 
done here, you don't have to read something necessarily like even image captions 
or more in detail, you get really quickly an idea of what has been used here.” (P10) 
“But it seems that this would help find kind of a paragraph of text which you 
should read, whole sentences anyway.” (P10) 
“So, in a way, if you in general get to browse something like this where equations 
are pretty important, so then you may, kind of, look at each equation like, maybe 
skip that text in between. Maybe this helps a bit, so that here there's something 
marked in between so you can read only that single sentence from what has been 
marked.” (P10) 
 “Here it, for instance, pretty well combined these two, red from here and took, 
like, some words from 'increasing versatility', 'very difficult', immediately brings 
a connection between these two here. And you find very easily that more tests are 
needed, I don't know if that's very relevant.” (P10) 
This is another case where perhaps the extension’s functionality is assumed to be smarter 
than it actually is. It is not surprising that highlighting the right words can bring up this kind of 
connections but one can also wonder whether these successes are sometimes just flukes. 




highlightings to be more intelligent and naturally also think it has found connections and 
correlations in the text.  
Regarding parts with equations – where there are no highlighted words in general, just 
equations and their descriptions – they say it is helpful to note with highlighted words if there is 
actually something worth reading in between.  
“I think opinion is very useful because it... directs you to the conclusion. Yes, um, 
I'm checking here because first abstract is introducing, why they are doing that, 
and this part is commentary and rhetoric, it's introducing how they are doing that. 
And after I tick in these boxes, I find that it is introducing to the final conclusion.” 
(P2) 
 This is another important aspect of the effects the extension has on the reader, or at least 
how the readers perceive it. The participant says the Opinion dictionary is useful and that it helps 
the reader to find the conclusion. This was said when they were starting to read the second article 
and they were discussing structure of the document and how different content is located within it. 
The participant specifically mentions the Rhetoric category this time, as they describe how 
highlightings of different categories are featured in different parts of the document. 
“Yeah. Let's see, I'll switch these all on at the same time, so we'll see... the same 
way as there, what does it underline here. Yeah, now that you read the abstract, it 
says here the word ‘normally’ has been underlined in ‘visual attention normally 
involves’ something, so, like, there hasn't actually been given any kind of source 
in here, so it's been written like a means that you assume it's somehow common 
knowledge or that it is defined here, but if you indeed use the word ‘normally’ 
here, like in a scientific text, then you would imagine that you kind of should 
reason it, in a certain way. It nicely draws your attention to what is the actual 
assumption here in the background.” (P4) 
 To draw the reader’s attention into the most relevant things in the document is very much 
what the extension is about. The highlighted word mentioned in this comment was ‘normally’ 
(from the Commentary dictionary), originally to highlight that commentary is found in this 
location, but the reader understands it again as a warning – and seems to think it is a problematic 
expression. At the same time, it is a bit alarming if the readers do not actually read sections which 
do not contain highlighted words. This is, again, to some extent, about trust the readers feel toward 
the extension; do they immediately trust that sections without highlighted words are not relevant 




affected as much but someone who searches though the article for interesting sections could be 
more sensitive to this effect. 
It is possible that the participant assumes the extension does more than it actually does – 
even though it actually does word matching, many participants assumed that it employs some kind 
of machine learning or natural language processing to infer meaning from the article to decide 
what to highlight. Some participants actually decided to test this by comparing two articles and 
finding which exact words were highlighted by the extension.  
“It makes me have a different perspective of the article.” (P3) 
“So yeah, it's... I don't know, it makes me see this article with different perspective 
because now that it shows, okay, this is, this word is actually opinion, rather than 
maybe fact, or something like that, yeah…” (P3) 
“Yeah, I think maybe with this I feel that I want to engage or, like, read more, of 
the articles, it appears... like, the reading is more exciting” (P3) 
“Well, it doesn't really affect me for just clicking it but, like, the highlights and 
the colors kind of affect how I read the articles, or, like, my perception of the 
articles.” (P3) 
 “I mentioned it before that surprisingly it actually affects my perspective of, like, 
yeah, perspective of the article because of that. I wouldn't think of that before. 
Like, I didn't think that it would affect me that much.” (P3) 
 In these comments, the participant describes how their perspective (surprisingly) of the 
article has changed. They even mention that with the extension, reading is more exciting. This is 
similar to what others reported but with the addition of wanting to “engage” with the article. When 
the research article (mostly) consists of text, what is there to engage with? Or be excited about? 
Perhaps these annotations can be a layer which makes this engagement possible, even if there is 
no facility for interaction, other than switching dictionaries on or off. 
“Feel like some of the highlighted words are a bit confusing when I'm reading but 
I... uncheck them and see how I feel when I'm reading without the highlighted 
words. Suppose it's, it's more interesting reading them with, when the words are 
highlighted. For some reason, it's a little bit easier to read this long blob of text.” 
(P21) 
 Several participants reported some confusion, at least in the start (as analyzed in more detail 




at all. They also, a bit like many other participants, refer to the text as an “blob”, seemingly without 
features, unless the reader uses the extension to give it some color and texture. They also make a 
specific mention of reading being easier when using this extension. 
[How did switching the checkboxes on affect your reading of the article?] “At 
first a lot because then I started to pay attention to the words that were highlighted, 
instead of focusing on the whole content but actually, when I started reading, yeah, 
I sort of noticed it somewhere in the background but not so much that it would 
intrude with the reading. Yeah, I think it helped a lot that they were part of the 
text, as I said, so... I think it was still cool to read, so... yeah.” (P24) 
“I still paid attention more to the content when I was actually reading but yeah, 
maybe I paid more attention to the areas that were highlighted. I don't think the 
color or the category mattered, I think it was just in general, like, highlighted 
versus not highlighted where my attention went more. I still could focus on, for 
example, reading parts that were not highlighted but I was maybe more focused 
when there was a highlighted part because I thought it was important.” (P24) 
“Interestingly, if I focus on the content, I kind of don't notice the colors too much. 
I notice it a little bit but I don't really focus on it so much, maybe. Which is ironic, 
based on the, like, the content of the article but okay.” (P24) 
 This participant describes also how in the beginning of the session they paid attention to 
the highlighted words instead of the whole content. They also said the highlighted words were in 
the background and were not problematic for reading. Their comment about concentrating on areas 
that had highlighted words in them is in line with other participants’ comments.  
An interesting detail of this comment is that they did not care about the color or category 
that was highlighted; they just paid more attention to areas that had highlighted words. This implies 
that perhaps for this and some other readers, some other type of highlighting logic might be 
beneficial, specifically to direct attention, for example when the reader skims through the article.  
“I think that this extension has probably, like, giving the user, for example, while 
reading this, this article, if I do select these options, then I will be emphasizing 
more in this sentence which in return will give me, like, high context of the article, 
like, so that I can grab more knowledge out of it.” (P14) 
“For example, if text is highlighted, a word is highlighted in a sentence, and I, 
like, personally feel I should pay that sentence more attention than others.” (P14) 
The extension is designed to highlight words, not produce any more content or remove 




which is very interesting. Does “emphasizing” (highlighting) words give some kind of a “high 
context” of the article, so that there is added knowledge to be gained?  
Another insight from these comments is that they feel they have an obligation of some sort 
to give attention to sentences that have highlighted words. This seems to be an intuitive feature 
that evolves as readers use the extension.  
“There's a lot of highlighting here, okay. I do feel now that these are helpful, at 
least if you read the text for a long time and learn, like, become intuitive about it” 
(P7) 
“Well, that whole text was no longer just one black and white mass but you kind 
of saw where maybe you have clauses and... like if your eyes are wandering, it's 
easy to find where you were reading. And that, at which point, you know where 
comparisons are coming and... and where exactly, yeah.” (P7) 
 These comments refer to evolving relationship with the extension as well. The participant 
says that over time and “become intuitive about it”, the highlighting will be helpful. They also 
refer to the text as “black and white mess” where highlightings can help the reader focus on specific 
clauses and note where there are comparisons (this probably refers to highlightings of the Opinion 
category). 
 “One more thing, I'm not sure if it's related to this or not. Umm, I was finding it 
more, you know, tempting to read those paragraphs which were more highlighted. 
I don't know if it's because of the colors or…” (P9) 
“It was helping me to read faster because I was just looking at the words and... I 
was able to get the feeling what the paragraph wanted to say.” (P9) 
 This is another mention of “feeling” which is interesting in the context of participants 
describing how they can “feel” intention of the author or otherwise intuitively gain insight into the 
document they are reading. They also say they are not sure if it is an effect of the colored 
highlightings, but they feel it is tempting to read areas of the text that had more highlighted words. 
The choice of words by the participant is interesting, as they are not sure why they feel this 
temptation. 
“Maybe to some extent of course it attracts your attention where things have been 
highlighted when they are switched on. It seems that you can find, like, relevant 




“Yeah, it did affect my reading, so of course there it drew your attention to those 
words which were highlighted, especially if you browsed something then 
obviously it drew your attention to those which were somehow highlighted, and 
maybe it is easier to look at a couple of words from around them.” (P12) 
 The second comment is a reply to an interview question about how switching the 
checkboxes on in the interface affected their reading. The participant describes their reading 
technique: browsing around the article, picking up highlighted words, looking at words around 
them.  
 “I think how much I have read about it's like the introduction they ignore but, but 
I am just reading the highlighted text and it has actually help me to get grasp of 
some of the things that might be important within the article or maybe the 
important ones in the information that he tries to give me.” (P13) 
In this comment, it is interesting (or alarming?) to note that the participant described they 
were reading only the highlighted parts of the text. Again, it is worrying if readers skip non-
highlighted parts altogether, possibly trusting too much in the extension’s abilities to find relevant 
content. Trust in computing is out of scope for this dissertation but the question of how much its 
users actually trust this extension is interesting: if it makes mistakes, will the readers acknowledge 
them as mistakes, or trust them as legitimate highlightings attached to correct kind of words? The 
role of knowledge of what the extension does could be a key here. If the reader knows exactly 
what they can expect of the extension, their behavior toward it may be different – there could be 
less trust and the perception of the extension could move from an “authority” to an “utility”. 
 [When you switched the checkboxes on, how did it affect your reading?] “Well 
it affected so that I, like, maybe my eye went to read those parts first and then I, 
kind of, experienced that maybe the things in between were maybe not that 
meaningful.” (P15) 
 This is a direct reference to the participant not considering the non-highlighted areas not 
meaningful. They say that they “experienced” it so, perhaps referring to another “feeling” that 
others have mentioned. 
“I will notice this word that it highlights. Yes, and I will give special notice to that 
word. And... I think, let me try... I think it will somehow help me reading this 
maybe for some... This one is a simple article but for some complex articles it will 
help a lot. When I'm reading that complex sentences, especially there's some kind 




have the logic inside and other logic outside that logic. But here is that, like, here, 
it highlights this one, yeah, I think it's good.” (P22) 
 Helping with complex sentences or arguments was one of the specific aims for this 
extension, especially with the Rhetoric dictionary. This participant seems to think highlighting 
does help with them; they think it would help with especially complex articles. 
5.4. OWN READING AND ANNOTATION HABITS 
 When testing a browser extension designed to help with reading, it soon becomes apparent 
that people already have different styles of reading – and, surprisingly, they may also have a habit 
of doing their own annotation, which may interact with the annotation produced by the extension 
in surprising ways. It also highlights that even if the application does not facilitate annotation of 
any kind as a feature, the users can still use usual highlighting as temporary annotation for different 
purposes. 
 This section concerns Research Question 1. 
“Yeah, to start I won't be using that extension… so you'll get the hang of what this 
article is about. And you'll get some reference point as to what it is like to read 
without the extension.” (P7) 
 The participants displayed many different approaches to using the extension – which may 
be surprising considering how simple the extension and its interface were. Several participants 
specifically chose not to use the extension at first, knowing that it will change the experience 
somehow – they wanted a reference point with a “vanilla” experience. Then, when they finally 
switched the checkboxes on, they could immediately compare the experiences. 
One interesting question is how much they knew about the extension at the beginning of 
the test. From the consent form they had to sign, they already knew the study was about automated 
annotation and from the explanation they were given, they were to expect an interface where they 
could switch things on or off. They were also given a simple “task” (see Appendix B) as a starting 
point. Some participants probably considered this as a prompt to do this as soon as the test started 
– others almost ignored the instruction and spent considerable time just reading the first article 
without interacting with the extension and in some cases had to be reminded that they are expected 




In the interview part, some participants revealed they had expected the extension to do 
more than just highlighting words and it appeared it was underwhelming –some others felt it was 
a big reveal that it highlighted words and they were immediately interested in what it was doing. 
“So, this is like some random article on my part. I'll take a look at what this is like 
as, like, vanilla version. There are some pictures here and... At least there are a lot 
of things here, let's see... Let's see what kind of things we'll find – discussion, 
conclusions, information... Alright, what is this about?” (P4) 
This participant starts reading the first – and also the second – article carefully without any 
active dictionaries. They identify different parts of the article and think about what kinds of 
information they are to encounter. This pragmatic approach is perhaps how a research article is 
conventionally designed to be read; however, even if the reader uses skimming to “jump around” 
the article, these article components are still relevant and can be read sequentially. 
 
 
Figure 13. Two annotation practices meet: emphasis by mouse and word highlighting by an extension. 
“Oh, I tried these boxes, actually it is going to help me... it can help me to know, 
like, well, what I read previously. Otherwise if I, umm, if I close these boxes, I 
will forget where I was reading.” (P2) 
This comment highlights one important use of annotation, as reported by several 
participants. Even regardless of the type of annotation, it can serve as anchor, helping the reader 
to remember what parts they have already read. They could come back to that point again, perhaps 




 “I usually do highlight sentences because, like, maybe, like, to see what is the 
main point, sometimes I cannot understand very quickly, then I will highlight to 
make sure that I will concentrate only sentence.” (P2) 
 This participant also highlights words and sentences with mouse, as transient annotation, 
and describes how it makes it easier for them to concentrate on the content. There are many ways 
readers can make difficult passages easier to read and understand; this is one of them. An 
interesting question is how this behavior changes or how it interacts if there is another annotation 
system in play – such as the extension in this study. Words highlighted with mouse cursor will 
lose their highlighting as soon as the reader clicks anywhere else; they may think the extension-
produced highlightings could also behave in a similar way, or be transient as well. 
“Especially when I was reading the long articles, previously if I don't have this 
extension, I would just try to read the abstract, and to see how they do that and 
read the headlines. After the introduction I directly scroll to the end. So, because, 
and I know it's a very valuable to read and summarize from other papers but 
sometimes I just need to know about opinions. And fully ... just go through, so I 
think this extension goes quite well, because they didn't take a lot of highlighted 
words here... Just I'm a little lost, like in the final discussion part, but anyway, I 
think these help me to read.” (P2) 
[Did you think your way of reading changed in any way when you clicked these 
on?] “Yeah, I think so. Because if I don't click these on, I would just be very lost!” 
(P2) 
 In the end, this participant thought the extension was helpful. It could be surmised that an 
existing annotation habit could conflict with the extension but in this case that did not seem to be 
the case. This participant repeatedly describes how they fear they would be “lost” without 
annotations of some kind.  
[Do you normally highlight with mouse what you are reading?] “Yes, I do. So, I 
can follow where I read right now. Because it is sometimes easier for me to get 
lost in which line, because the gaps of the website are quite close.” (P11) 
Getting lost is something this participant is also wary of. They, too, highlight parts with 
mouse in order to keep track of where they are reading, more specifically on which line they are 
(but they also mention the gaps between paragraphs on a website as a contributing factor). It is 




extension as similar anchor points, instead of taking note of different dictionaries it uses to 
highlight words with different colors. 
In addition to dimensions of annotation (Marshall, 1998), perhaps there should be a 
taxonomy of more specific purposes of annotation. It is apparent that readers use annotation for 
different purposes and expect different things from it.  
 “Yeah, well at least this opinion underlining is, like, looks like potentially useful, 
at least if there's some article which discusses something new or controversial or, 
like, field, then it helps potentially to notice those parts where there's actually 
some data at some point where the author wants to direct the thought pattern or 
discussion somewhere so at least it looks like what by quickly looking seems like 
a nice extension, that did you notice that this has a subjective word here.” (P4) 
“Yeah, this opinion at least, if you could use it in publication phase, so it would 
seem pretty nice or even useful, like, nice or useful tool such that you can be aware 
where you use such words.” (P4) 
 This participant makes a reference to other uses for the extensions – namely, as a writing 
aid. They were not the only one to do so; others, too, thought this extension could catch “unwanted” 
words. This could be related to the idea that highlighted words are problematic by themselves. 
This participant referred to awareness of where one uses such words, though – perhaps using this 
kind of a tool when writing could help in writing clear, professional and easy-to-understand 
language. It is still unclear how big modifications the extension would require in order to be able 
to effectively assist in writing – in addition to technical challenges, there is the question of which 
dictionaries are suitable and required for this purpose. 
[You sometimes highlight things [with mouse], is that helping you to read?] Yes, 
it's, like, helping me to read, or in case, like, (unintelligible) by more and do 
emphasize on some things that I really want to read. (P13) 
“Actually, when I try to read an article, I try to... I don't usually move very fast 
but I try to focus on the words directly and so that once I have read it, I don't have 
to read it again. But if I have to read it again, then second time it would be like 
okay, I already know about these things, I'm a bit reluctant that I can study it again. 
Or maybe faster but initially when I read an article, I try to read it, like, thoroughly 
first and giving it some time. Because some of the, like, these kinds of articles, 
these are like ones that also use some academic, umm, academic language. So 




 This participant is perhaps in minority as they describe they like to read the whole text 
sequentially and not reread it – at least in the context of research articles. They say they highlight 
sentences with mouse to emphasize parts they want to concentrate on, like participants 2 and 11. 
They mention that “academic language” is the reason why they have to read slowly – and, 
apparently, use mouse highlighting as a reading aid. 
 Using the extension in the context of rereading is an interesting subject; it is possible that 
then the effects could also be different. This participant says they read “maybe faster” when they 
reread an article; this could possibly mean some kind of skimming. 
[Do you usually read from the beginning sequentially?] Yeah often maybe, maybe 
usually I glance more than what I have done here. (P12) 
 Could this extension also have an effect to support sequential reading? This participant 
says they “often maybe” read sequentially but on the other hand also do glancing more than when 
using the extension. Glancing usually refers to a type of reading where the reader checks the visual 
components of the document so that they could decide what to read next. As highlighted words 
produce a new visual component to the document, they could also be glanced in a similar manner 
to support visual search. 
“This somehow helps, like, it picks such, well, like, relevant parts from the text, I 
feel like that, in general, if there's a lot to read for a course then this could be 
useful.” (P15) 
“I could imagine that this could, this thing could be a good fit to many kinds of 
research in a way, or, like, for example, if you are writing a bachelor's thesis or, 
like, want to use some specific kind of methodology... helps to find the correct 
words.” (P15) 
 Instead of the highlighted words being problematic, this participant thinks they pick 
relevant parts from the text. They also mention that when reading a lot for a course, the extension 
might be useful. In addition, they, again, mention the possibility of using this kind of an extension 
as a writing aid, to help to find correct words.  
It is an interesting question how a writing aid based on this extension would work and what 
it would signal to the writer. Would it work simply by highlighting words using the existing 
method, and therefore signaling to the writer to be aware of the language they use, perhaps to 




“problematic” words? This kind of writing aids actually exist already – such as ProWritingAid31 
and Hemingway App32 – the latter makes use of highlighting, with specific comments about why 
it thinks some expression should be avoided. 
“Because I'm going to like this kind of app, actually. Because, you know, I think 
for me reading the article like this is so boring. But sometimes just need to find 
the important, the keywords, during the reading but sometimes it is all the plain 
words, it looks like...” (P22) 
“Like, when I practiced my English, I mean, before I apply for this university 
here, and I should have the English exam and the result, so to that kind of exam 
you also need to practice your reading skills. So, at first, for some English articles 
is, for me, is really hard to read.” (P22) 
“But, yeah, here I think for the English beginner, how to say, for who have not so 
much familiar with that kind of language, I think this tool is very helpful.” (P22) 
Could this kind of an extension be helpful for people who are studying the (English) 
language? By highlighting different kinds of words, the reader could more easily get the grasp of 
the structure of the sentence. This participant thinks the extension is very helpful not only for 
beginners but also because the usual text is “so boring” and the extension helps finding “the 
keywords”.  
“This is actually similar to a project I participated in even if theoretical... just 
theoretical skill to understand which sentence is an opinion and which sentence 
contains a fact, to simplify the reading of news for people to avoid fake news to 
spread.” (P23) 
Fake news is a concept about intentionally misleading news items and the original 
inspiration for this study is related to it. By becoming more “aware” of the structure of arguments 
presented could be one way in combating disinformation – but could this extension be made more 
general, to be used on news sites as well? The participant especially mentions opinions, with the 
idea that people should be aware of subjective statements, and by being aware of them, they could 
perhaps discern fake news from real news. 






“Now here I maybe a bit browsed back and forth when I tried to look at what kind 
of words were highlighted here, instead of, like, reading, so it was just like, hmm, 
I wonder what's here, those words here. Yeah.” (P6) 
 Does this extension also encourage curiosity? It was seen in people’s reactions with the 
earlier sentiment analysis experiment (described in Chapter 3) that they were often very curious 
about what the extension would highlight. It seems this kind of highlighting could even promote 
playfulness, behavior where the user’s goal is to try out the system in different ways without 
deterministically attempting to produce a serious result. The wonder this participant described 
could be related to this kind of approach. 
“I'm kind of curious if the words that are highlighted are also very commonly, I 
mean it makes sense that there would be commonly used words for specific 
purpose, I'm kind of curious how text written by me would look like if highlighted 
here.” (P24) 
This participant expresses curiosity as to how their own text would look like when using 
this extension. This is another instance of the curious approach and also possibly a reference to 
wanting to try the extension as a writing aid as well.  
 “This text is not, like, very well formatted, it, like, lacks some capital letters and 
Oxford commas, this does not look like a scientific text like that.” (P7) 
 This extension was not designed to highlight problems within the article but several 
participants seemed to become more aware of different problems as well, such as the flaws this 
participant noticed. Modern browsers do usually have ability to spot spelling mistakes and other 
problems in written text, but only within text input fields. Maybe the same functionality that 
produces spell check should also be able to give other kinds of visual feedback to the writer. 
“But yeah, this seems to make it easier to find important things from here, you 
just have to trust in this thing that those, those things are marked here, those which 
are important but... when it works it makes it easier to read the article.” (P10) 
 This participant raises an important point: for this extension to work as intended, it has to 
be trusted to do its job well. This also means that it has to work well enough for this trust to be 
warranted.  
With the sentiment analysis experiment (Chapter 3), it was surprising to note how tolerant 




level of trust. An important design principle with both that experiment and this extension has been 
that they do not replace highlighted words with any other content, nor do they provide 
summarization or other additional content. It is hoped that this would make possible mistakes plain 
and apparent to the user; there is no another layer of logic or content beyond what is readily visible 
on the screen. 
[What does the text look like now without the highlights?] “Well now I was going 
to say that now that you look without them, your eyes gravitate toward those, for 
example, headings... previously when they were on, these three options, the eyes 
gravitated toward these points in the text so now clearly the eye moves, when you 
browse and read, to those headings and if there are some bolded points, to those.” 
(P20) 
“I noticed, so it does dominate quite much, of course, especially if you just 
browsed and, kind of, determinedly read it then surely the eye moves to where the 
colored points are and for myself, the red color affected, like... when it was 
switched on, somehow it was so dominating of those colors that your eye kind of 
gravitated toward it very strongly. Yeah but it did affect, affected very much.” 
(P20) 
This participant does a comparison between reading with the highlightings on and off. They 
describe how without the highlightings their eyes gravitate toward headings and bolded things, as 
opposed to highlighted words when the highlightings are switched on. They also say that 
highlighted words “dominate” so much that it is difficult to ignore those parts. Would different 
(less “dominating”) highlighting colors help? This is a balancing act, actually: the highlightings 
have to be visible enough and help with reading – not disturb it, even if all the different dictionaries 
are switched on. 
[Did it affect you when you were reading sequentially?] “I haven't noticed, at 
least. The difference is between them, so when I was reading, I was kind of having 
them all or rarely switching because when I was focused on reading.” (P16) 
 Then, perhaps surprisingly, this participant does not think the highlightings affected their 
reading much. There seem to be personal preferences or individual differences as to what the 
readers consider disturbing or helpful. Already in the pilot study that preceded this study it was 
noted that readers have different preferences for the annotation in the document. Some wanted to 




are groups of users who could benefit from this extension more than others; identifying these 
groups is challenging as there has been quite a bit of diversity in participants of this study.  
“It doesn't at least distract you from reading, at least not terribly.” (P18) 
 A major concern is whether the extension distracts the reader from actual reading. Some 
participants were somewhat overwhelmed (and some underwhelmed) by the highlightings which 
distracted them a bit from reading, or they reported that the colors “dominated” the experience so 
much that it was difficult to concentrate on parts that had no highlighted words. 
“My reading pattern didn't change because I still focused on the words that were 
highlighted, so like if I highlighted Commentary, then I read around the 
Commentary highlighted areas and if I clicked on the other boxes then I would 
focus around that box, so that is how I read but changing the boxes means that I'm 
looking at different things for in the article.” (P19) 
It is a bit unclear what this participant means by the reading pattern not changing – they 
probably mean that their internal logic in deciding what to read did not change as they switched 
the highlightings on. They describe how they focus on reading the highlighted areas.  
This participant wants to use only one dictionary at a time, for different purposes. 
According to field notes, first they tried Rhetoric because it leads to “results, statements”; then 
they tried Opinion for “comparisons”; and finally, Commentary which “leads to what the article 
wants to say”. They said they want to focus one thing only, and this is what they mean in the above 
quote by saying they are looking at different things in the article. 
“For example, if I unclick Opinion, I wouldn't think twice about these quantitative 
words. Now that I click on Opinion - ah, okay, I don't, like, I don't have to rethink 
this sentence. Is this because now I know that it's the author's opinion, so now I 
have to be more, like, unsure about his claims.” (P17) 
 It is common for participants to comment on the effects the Opinion dictionary has on 
them. This participant, too, feels like the extension highlights subjective statements that the reader 
should be wary of, thus making the reader more aware of potential problems in arguments. 
“Yeah, for some reason, like, with the different colors and these words are 
highlighted randomly here and there, like, depending on the type, it's just nicer to 
read, I guess, especially if I'm not super interested in the text that I'm reading and 




text, to take out some key information, it's, I would say this tool's is a bit, like, 
nicer to read, nicer to read with, yes.“ (P21) 
 Several participants refer to ordinary text as “boring”, “blobs”, or something similar, and 
mention that this extension makes the text easier to read, nicer, or less boring. If the effect of 
making the text less boring is a lasting effect, it could be used to make “boring” texts more 
interesting for the reader. According to this participant, the extension helps a reader who is not 
very interested in the text they are currently reading.  
5.5. ACCURACY, PROBLEMS, AND ERRORS 
 Almost all participants found things that did not seem right with the extension and the 
experience. Some were very technical; others very practical. A relevant question is how these 
problems actually affected the reading experience, or how they more generally would take away 
from the trust the reader feels toward the extension. 
 This section concerns Research Question 3. 
“I think you can make it at least more accurate by taking two kinds of words in 
context…” (P1) 
“I wouldn't say wrong because it's all... like tied to some kind of a set of words 
that has the goal of get selected but I don't get that goal. If I don't really get the 
goal of Commentary I cannot really say if it's wrong or right.” (P1) 
“I think focusing on single words, umm, just like that, to do these highlights is not 
giving that accurate results. It's like a spell-checker, I think. A spell-checker if it 
focuses on, if it wants to find some kind of weird sentence structures, then, needs 
to take into account the whole sentence, or combinations of words.” (P1) 
 Focusing on single words was a decision informed by several factors. It is a technically 
simple approach: it is easy to tokenize the article and make comparisons with the dictionary when 
using single words. It is also important to do the comparisons very quickly; introducing lag in the 
interface would potentially discourage users from using it, though it depends on specific 
implementation on how large this lag would be. Using n-grams in the dictionary would perhaps 
not be very complex per se but if the extension should be more context-aware – to take into account 
words around the dictionary words and expressions – it might need to understand some of the 




objectively better. There is also a comparison between a spell-checker; a good spell-checker, too, 
needs to take into account more than just a single word. 
 The participants have different understandings of the dictionaries. This participant does not 
“get” the Commentary dictionary – there were many participants who also had trouble with 
especially Commentary and Rhetoric dictionaries, whereas the Opinion dictionary was apparently 
understood better. 
“There's also the word ‘normally’ here, it's in commentary, so that it would be a 
bit like ‘normal distribution’ comes to my mind, so that it would be a reference to 
it, but on the other hand it is also this opinion section, what is normal and what is 
not, like ‘usual’ style, so ‘normal’ could be there underlined but... then it would 
go to many places, that would be problematic.” (P4) 
“This could be problematic: ‘normal distribution’ - do they mean normal or is it 
some normal distribution.” (P5) 
 These two participants note that highlighting the word “normal” is a bit problematic, as it 
could be part of an expression such as “normal distribution” which is not a subjective statement 
about the quality of the distribution. This exhibits a problem with using just single words: 
expressions that have multiple words are not detected. 
“I mean, the first two are, like, and I would say the color scheme for Opinion 
should not be red because it looks like there is an error. Or maybe it's like 
grammatical mistake, so…” (P13) 
“Maybe changing the color of this one to some different one because it looks like 
that I'm reading, it's showing that these are the errors.” (P13) 
“I would change the color between Rhetoric and Commentary because it was quite 
okay for me to differentiate between Opinion and the others, but a bit difficult to 
follow through the Rhetoric and Commentary in the article.” (P16) 
“Then again, they kind of get lost in there because of that but I feel like as a color 
that red is so dominating that those others are quite pale compared to the red one.” 
(P20) 
 The colors used in this extension are cyan (Rhetoric), pink (Opinion), and blue 
(Commentary). Several participants have commented that using a reddish color for Opinion may 
imply that the words highlighted with that color are problematic regardless of which category they 




 On the other hand, it has been noted that the colors for Rhetoric and Commentary are 
somewhat similar and not always easy to distinguish from each other. In the next versions, these 
issues should be taken into account when choosing the colors used in highlighting. Another 
question is how specific dictionaries should be – it would be confusing if they were to overlap too 
much. The intention was to make them clearly distinct, but as some participants have mentioned, 
some Commentary words (and even Rhetoric ones) could also conceivably by placed in the 
Opinion dictionary. This demonstrates challenges in picking the words to include in each of them.  
“And the large or small sample size is not objective but it is not necessarily an 
opinion, I can't say. Then... And that Commentary, it refers to another thing, 
usually for example. ‘Suggesting’, here it refers to the conclusion and here they 
discuss about how some constructs are connected to each other.” (P5) 
 The Opinion dictionary contains many comparison words and adjectives. In the case 
highlighted by this participant, the article mentioned sample sizes and called them large or small. 
Description of sample size is not, in this case, an opinion or even a subjective statement, which the 
participant noted, and this highlights some challenges this extension has. 
 “I wonder if there's a limit to how sensitive it is when highlighting a word?” (P5) 
 This question is interesting: how to define “sensitivity” in this context? Obviously, actual 
functioning of the extension is rather simple, as it compared words in dictionaries with words in 
the article, and only highlights exact matches. It is possible that this question highlights an idea 
that the extension uses some more advanced heuristic that could be “tuned”. 
“If I would say, like, when I click Opinion, I didn't really expect that they should 
combine words but sometimes, like, ‘lower’, saying ‘lower arms’ and stuff like 
that, and ‘lower moderation’, I don't think that's comparison statement but it's 
saying that.” (P19) 
“Things that surprised me? Yeah, like, sometimes what happened when I click on 
Opinion and I look for the changes in the differences, sometimes there were some 
things that, like ‘lower frequency’ and things that are also highlighted but actually 
are not comparisons but they were highlighted, so I guess in that sense it 
sometimes feels, otherwise it's good.” (P19) 
 This participant, too, notes that highlighting single words can be problematic: “lower arms” 




problems also highlights how the participants readily share their observations about problems they 
encounter – this is a very good sign for a study like this.  
“I am not quite sure if all of those opinion words are actually opinions here. So, 
well... ‘Increasing concentrations’, so if the concentration increased, I think there's 
no opinion there, that increasing.” (P6) 
“This is a simple one where it just looks at individual words but does apparently 
not look at words next to each other, pairs or compound words, like expressions.” 
(P7) 
 These participants, like many others, mention the same problem with single words. They 
cite specific expressions which they feel should not be highlighted at all, and in this case (correctly) 
surmise that the extension does not look for multiple-word expressions at all. 
“If a human should classify the word ‘typical’ then probably most would put it 
into the Opinion category of those three. Because what is typical is of course an 
opinion but that Commentary would sound, like, neutral. Like most of these are, 
‘success’, (unintelligible) these are neutral.” (P7) 
 What is an opinion? In this extension, the Opinion category consists mostly of adjectives 
and comparisons but its name suggests to the user that it is related to opinions expressed in the 
text. This participant notes that what is “typical” is an opinion and they feel the word should be 
included in the Opinion dictionary (instead of Commentary). In some cases, the participants 
discussed how they felt words were in wrong categories but some also noted they did not 
completely understand why the words were classified as they were. 
“Well it was that ‘suggested’ word when it had not been highlighted so I kind of 
wondered why it had not been colored. I don't know if it is because it was in past 
tense of what it was…” (P6) 
 This participant wonders why the word “suggested” was not highlighted. The words 
“suggest”, “suggests”, and “suggesting” are in the Commentary dictionary, however because of a 
typo, it also has the word “sugggested”. This was a genuine typo in the dictionary and the word 
was intended to be highlighted. 
“I can't clearly distinguish between Opinion and Commentary. I feel like they all 
three do almost the same thing or the idea behind the words is the same. But I 




wouldn't know which one is Rhetoric, which one is Opinion, which one is 
Commentary.” (P17) 
“I feel like Commentary does more than I suspected. Trying to pinpoint that... I'm 
a bit confused here. Why is it used here? Yeah, sometimes it chooses the word 
‘some’ but the context is not deducted but it's in a different context. I wonder if it 
just uses all the words that say ‘results’ because ‘results’ here means something 
else compared to experimental results.” (P17) 
 Interestingly, this participant thinks all three categories are essentially the same, or the idea 
behind their words is the same. They say that without the colors they could not distinguish them 
from each other. This is a bit surprising, at least in the opinion of the author, as especially Rhetoric 
is designed to very different from the others. This participant also is trying to figure out how the 
Commentary dictionary works and whether it has some hidden logic. Inclusion of the word ‘some’ 
seems to be puzzling to them.  
“And all these, like, ‘in which’... it starts a clause so it could be colored cyan but 
it probably didn't because neither of these words by itself, ‘in’ nor ‘which’, so by 
itself these are multi-use words, you can't say that about just one of them, so it's 
like is this conjunction or what starts a subordinate clause…” (P7) 
 This is another example of where support for multi-word expressions would be helpful – 
or is it? “Which” is not in the Rhetoric dictionary but should “in which” be? There are no exact 
criteria for inclusion in the dictionaries and developing suitable ones is tricky, especially if multi-
word expressions are included. The existing ones have been collected from actual research articles 
but there could conceivably be different ones with different content. 
“But Commentary is like, I'm still not actually able to grasp the things that what 
actually it tries to do, to give me as a reader or the user so that if I'm selecting 
those, what should be... I mean, somehow some of the things I am able to see that 
it gives me some thing that... Commentary I mean, initially what I thought was, 
like, that things about the article author wants to give as the conclusion of each 
paragraph or as the end result of what he tries to give me but still there are some, 
some lines et cetera where it's highlighted but it's not giving me the same meaning 
as I initially thought of it.” (P13) 
 Understanding the purpose and content of the different dictionaries has been difficult for 
some participants. Many say they were disillusioned by the Rhetoric dictionary but several 




Again, it is possible that the name of the dictionary gives the readers ideas that may or may not 
correspond to what it actually does. 
“I still cannot make clear what's Commentary, this one, highlight. It also 
highlights some, it's kind of adjective words, also ‘effects’... Also, the... ‘results’ 
and ‘reports’, here I understand but ‘effects’ and some I think, I don't know why 
it belongs to this.” (P22) 
 The purpose of the Commentary dictionary is to highlight passages related to commenting 
experiments and results, trying to find language typically used when discussing about them in the 
context of research articles. This covers the word ‘effects’ but this participant is of the opinion that 
it does not belong in Commentary. This is somewhat surprising. 
“This is interesting to see. Even if it's citing a lot of data, it's still Opinion. Because 
of the words it uses, or they use.” (P23) 
 It is possible that it is citing a lot of data but unfortunately the extension cannot understand 
it – it just, as the participant notes, finds specific words and highlights them. In this case, the 
participant seems to know how the extension works, and perhaps this is why they find it easy to 
report a problem with it. They do not trust too much the “authority” of the extension. 
“’Very’ is highlighted as Opinion, not sure if it's opinion of the writer or not, ‘it 
is a very easy scale’. And then there is ‘interfaces both with small and large sample 
sizes’. ‘Large’ is highlighted Opinion, again not sure if this ‘large’ word is opinion 
and if it was, then why isn't ‘small’ also Opinion.” (P21) 
 In the expression “very easy scale”, only the word “very” is highlighted. It is notable that 
the words “easy” and “small” are not in the dictionary (or dictionaries). The participant makes a 
good point that “small” should be included in the Opinion dictionary if “large” is there as well. 
“Opinions are just comparisons, even here, like, ‘higher’, just comparisons. And 
Commentary is not very important. It can be skipped but... It's just... dividing 
things. Right, Rhetoric seems to be... Rhetoric and Opinion gives the most 
important information in the article.” (P19) 
 The words in the Opinion dictionary were not designed to be “just comparisons”, contrary 
to what this participant summarized; however, it is understandable that they may seem so. This 




unlike many others, they think the Rhetoric dictionary is useful, and together with Opinion they 
give “the most important information in the article”. 
“This ‘significant’ is still the best part because here it just looks so bad. Yeah! I 
don't know, it's... isn't it that repeating the same word continuously is sort of 
distracting for the reader? Or maybe it's harder to memorize because it's a lot of 
repetition and harder to maintain focus. I think it wouldn't be as interesting then 
to read. Maybe I'm just very critical.” (P24) 
 In this case, the word “significant” was repeated many times in the text and each of them 
was highlighted as belonging to the Rhetoric dictionary. The participant thinks this repeated 
highlighting appears “bad” visually. It also reveals clearly that the extension is matching words in 
the dictionary with words in the text, and in this case, “significant” matches and is highlighted 
each time.  
 
 
Figure 14. P24 discussed seeing the word “significant” multiple times and commented that it looked “so bad”. 
“When they say ‘traditional’, you can't know to what these expressions are 
connected to as subjects. So why has it highlighted that adjective and not, for 
example, ‘precise’. So, does it think ‘traditional’ is more of an opinion adjective 




“Somehow intuitively I feel that this word ‘often’, it's also about the amount or in 
general it would go into this pink category but maybe there's a reason why it is in 
that commentary category instead.” (P7) 
 “Traditional” is indeed in the Opinion dictionary, while “precise” is not. It is up for debate 
whether “precise” – and many other adjectives – should be included there. The participant also 
feels that “often” is misclassified as Commentary, as they feel it should be in the Opinion 
dictionary. They still seem to think it is not without reason that it is in Commentary. 
“I notice that it hasn't highlighted any word that would start with a capital letter. 
So apparently there in the software in which this has been done it hasn't been 
converted into lower case, that text, but it just recognizes only the ones that start 
with lower case letters. There that one clause started with ‘often’ so it had not 
been highlighted. But this looks pretty certain, at least so far none has appeared... 
Probably there would have been some clause which starts with a capital letter 
which would have had one of those words highlighted there.” (P7) 
 Apparently, this is an oversight on the part of the author – the extension does not recognize 
words that have capital letters. On the other hand, it also prevents proper names from being 
highlighted by accident.  
“I have rarely seen one which has this as an overlay, so it is usually in the menu, 
but it didn't actually disturb reading, that it was there.” (P12) 
 This refers to usual Chrome extensions having a special menu in the upper right corner of 
the window; this extension just has a rectangular interface with three checkboxes with labels. The 
box has been positioned so that it would not overlap with Plos One’s main body of text. If this 
extension were to be used on other websites, there should be an option to customize the position 
of the interface. (The interface box is partially transparent; possible content under it would still be 
seen through it.) 
5.6. SUGGESTIONS 
Study participants had quite a few ideas about how to develop the extension further. As the 
majority of the participants were students of various technical fields (mostly computer science), 
their feedback was often rather technical. They also shared ideas about future uses for the extension 
and opinions about how well it works. Some of these ideas came forth when they were reading the 




“I would like to give some introduction for this extension, after I install it, there 
should be kind of introduction thing, so I can understand the use of it. Yeah. Also, 
I would like to be given some more options in the checklist.” (P9) 
Some participants felt that the extension needs some kind of instructions or other help 
facility that could explain what the categories are and what to expect from the extension. This is 
something that did not come into my mind when I was designing it; I thought the interface was 
really simple and self-explanatory and even though the dictionaries have one-word labels, they 
should be easy to understand as well. On the other hand, it should be noted that several participants 
said they thought the extension was really easy to use and they had no problems understanding its 
functionality. 
 “I would actually put this off, I don't see the use of highlighting... connecting 
words between sentences.” (P1) 
 In this case, the participant was discussing the use of the Rhetoric dictionary to highlight 
connecting words and they did not think it was very helpful. There were many opinions about 
helpfulness of different dictionaries – but it seems to depend a lot on who is using the extension 
which dictionaries they consider the most helpful. At the same time, it seems that of these three, 
the Rhetoric dictionary was perceived as the most specific one, with least overlapping with others. 
“Well it's good for studying English as well, I would say.” (P3) 
 This suggestion is similar to what P22 and P23 said about English learners using this 
extension. None of the participants were native English speakers, so they all share the experience 
of having to learn the language, so they can reflect on it. It is an interesting aspect; how should this 
extension be developed specifically to support learning of a language? Should there just be more 
words in dictionaries, more categories, or other features? Several participants have suggested the 
extension could also work as a writing aid – perhaps this could be combined with the language 
learning aspect as well. 
“This is quite nice, well, myself I have done something, written research papers, 
I have not published any, but written, so this kind of... it gave indeed opinion 
about what is much or little or, like, it's extremely easy when you can write into 
these articles so it is very good, this thing, that when you insert this thing into your 
own article before submitting, this can, like, help use less subjective terminology 




 This participant talks about using the extension also as a writing aid and thinks about how 
they could use this by themself. A feature that has been seen before in these comments is that they 
think they should be wary of “subjective terminology”, corresponding to the Opinion dictionary 
and that this is important if you are going to publish something. 
“Maybe there could be some statistic about in which places they appear so that 
you don't have trust your eyes. And then like numbers about how many of each 
were in the article. Also, there could be something that would let you compare 
different articles. On a single screen.” (P5) 
 In the future, it is possible that this extension is developed into a more general research 
platform, and in that context, it could be programmed to provide summaries or statistics of the 
content it goes through. What kind of output is desired depends on many factors; it could be 
interesting to have just numbers that could be used to compare different articles, or provide other 
summarization of the text or the used highlightings.  
On the other hand, the design philosophy for the current version has been not to alter the 
original article in any way except to add these highlightings, so that it would be clear to the user 
which visible items are additions. The sentiment analysis experiment on Wikipedia (Chapter 3) 
used a simple sentiment analysis method to highlight both words and paragraphs; it was not used 
as a summarization method as is traditionally done, but it, too, could be used to provide a statistical 
“fingerprint” of the analyzed article.  
“Well, perhaps it could highlight sentences instead, I'm not sure how exactly that 
would, if that would have a negative effect or positive effect on reading.” (P21) 
A valid question is whether highlighting whole sentences would be more helpful. But what 
would it signal? That the whole sentence is important or relevant, and worth reading (which is how 
many participants describe current highlightings)? On the other hand, the intended effect of the 
current functionality is also to signal how the highlighted words are of different categories and 
serve different functions in a sentence. If the whole sentence would be highlighted, should there 
be different colors as well? A whole another topic is how such functionality would be 
implemented, considering that the current version of the extension uses a simple word matching 
method to find words to be highlighted. As participants note, highlighted parts attract attention, it 





“Maybe for the accessibility, because sometimes they have the color blind, they 
couldn't maybe recognize different, these two colors.” (P22) 
It is possible that the current color choices could be problematic if the reader is color blind 
– the colors should be chosen so that they look different enough for all kinds of readers. But even 
without color blindness, several participants have noted that the colors picked for the Rhetoric and 
Commentary dictionaries are too much alike. One option would be to add an interface for the users 
to choose or change the colors as they wish, naturally with well-thought defaults that most users 
could use without problems. 
“The uppermost and lowermost color are, like, quite similar, so it is not entirely 
sure which means which. You have to check by clicking.” (P10) 
 This participant says they had to check the category by switching the corresponding 
checkbox off and on again. It is possible that this happens when there are only words in one 
category highlighted, so the color cannot be compared with the other color. Still, shades of the 
same color can understandably be a problematic choice. 
“Again since I'm not sure about the meaning I can't say anything about the color 
but I would definitely put colors more like red and orange for something that I 
want to warn people about and green and blue more towards, like, something that's 
either positive or more informative. Yeah, so... maybe that's what I would 
change.” (P24) 
This comment is about the meaning of the colors themselves, regardless of the category 
they are attached to. This extension highlights the Opinion category with pink color; this can be 
seen as a warning, implying these words are a cause for concern and a reason to be wary about. It 
is suggested that the chosen colors should correspond with the intent.  
However, the idea behind the extension is not to “take sides”; these different kinds of words 
should only be highlighted and the reader, while becoming more aware of the kinds of words they 
are encountering, should make their own decisions about whether the highlighted words are a 
concern or not, based on their content and not the color. In the previous version, there was also a 
fourth dictionary, Sentiment, which was highlighted with the light green color. That could have 
been associated with positive sentiment, even though both positive and negative words were 




“I can't say if it was a bad thing that that one color stood out from there but... but 
maybe if all those three colors would be relatively, like, gentle colors then maybe 
this one color wouldn't stand out.” (P20) 
The colors were intended to be “gentle”. But the challenges of picking the right kind of 
colors are to find ones that are easy to distinguish from each other, light enough to not distract 
from reading the text, but have enough saturation to be noticed. This participant feels that one 
color (again, pink for the Opinion dictionary) “stood out” too much.  
[Was it clear to you what the colors mean, or what the categories are?] “To some 
extent but not completely, so maybe that red one was a clear one, what came from 
there, and you figured it out regarding the other ones but especially those, well, 
turquoise and blue, I mixed them up there a bit, I didn't really pay much attention 
to which was which, for example. But maybe if you would have known about 
those beforehand somehow more in detail or could think for yourself then maybe 
it could have helped even more, to know…” (P12) 
To this participant, the colors did not in the end mean that much – they noticed the 
highlightings but did not care much about which color they were. They also note that more 
knowledge about the dictionaries would have helped to form an idea about how they are important. 
For the purposes of this study, more information about the categories could have changed the 
participants’ behavior as well: they might have used less time trying to figure out what the 
extension does and perhaps could have used more time actually reading the articles. 
“I think that commentary is maybe a bit, like, unclear as to why exactly those 
words have been underlined. Compared to that opinion and rhetoric which, like, 
make more sense.” (P6) 
“Somehow, I would change that blue... commentary, or it is somehow not clear, I 
don't really get what... its point is, or why it is called commentary. It could be 
called something else.” (P6) 
It is surprising how different participants thought different dictionaries did not “make 
sense”. This participant thinks the Commentary dictionary was the unclear one and the others made 
more sense. They suggest that Commentary should be called something else (but cannot suggest a 
new name). This touches upon the question of how many dictionaries there should be and what 
they should contain. If Commentary is problematic, how should it be changed?  
“Something like Debate if there could be, like, a checkbox like Debate, so you 




something or, I think that's kind of what opinion does, I mean there's a checkbox 
but…” (P9) 
A new kind of highlighting category called Debate is suggested. But what could it be like? 
This participant suggests it would be similar to Opinion and they do not seem sure about how it 
would work but it could be more focused on words related to arguments and discussion. Could it 
still work as highlighting single words? 
“I think this would benefit researchers, like researchers need to read a lot of papers 
every day, so I think it's very beneficial for them, to get, to read a paper very 
quickly.” (P2) 
 “Yeah, and for the commentary... I'm not really sure why it has only... these 
three... it would be interesting if it has more. Like search about something you 
need more…” (P3) 
Many participants thought researchers could benefit from using this extension. This 
participant especially mentions that it could make it possible to read a paper very quickly – does 
this refer to faster sequential reading or supporting skimming and other types of reading? If it is 
the latter, then it is about changing to another type (or style) of reading.  
Several also mentioned that they would like to see more dictionaries but they did not 
usually have specific suggestions. In this case, they suggested that a fourth category could be 
similar to a search. It is a bit unclear what they mean by this, but they also pointed out that they 
scroll around a lot, visually searching for interesting parts of the article. 
“Then those Rhetoric and Commentary, so at least immediately it doesn't reveal 
what their benefit is, so those Rhetoric means are like, it underlines those 
continuation words or those words that continue the sentence and so but in a way 
it, for the content of the article, isn't the same way... I don't see the benefit in it. 
And then... Commentary... it could maybe work then if you want to look for 
certain... like, words if there could be just a search box where it would show 
correlations and such, it obviously would go that way.” (P4) 
“Those Commentary section words at least, well... Obviously at the beginning of 
discussion there were a bit more in relation. Maybe they could direct to that 
direction that if you want to find those results then maybe if you say ‘suggest 
something’ then it could be related to having a result from this paper. It could 





This participant is commenting on the Rhetoric and Commentary dictionaries and does not 
(immediately) see how they would be helpful. They also mention a possibility of a search 
functionality in connection to the Commentary dictionary. It is not clear what they mean by this – 
perhaps something where the user could write a word and the extension would show how this word 
is connected to content around the article?  
They mention how there are not many words from the Commentary dictionary in the article 
they are reading (the first article) but that they could direct the reader to where the paper’s results 
are laid out. 
“Yeah, actually, it would be interesting if it had more categories. I'm not sure, 
like, I haven't thought... I don't really have an idea of what we can put but... 
Maybe, like, negative or positive, I'm not sure. Like, negative... I'm not really sure 
now but it would be interesting if it has more…” (P3) 
Having “negative” and “positive” words highlighted was a feature in the previous version 
of this extension – the Sentiment dictionary. This participant thinks something like that could be 
interesting. However, just having them highlighted could be confusing, based on the comments 
from the pilot study. Perhaps there could be two dictionaries (one for negative and one for positive 
words) highlighted with green and red colors for easy comprehension – but would it really be 
helpful? Are these words relevant enough to the reader? They might also overlap with the words 
from the Opinion dictionary which would need to resolved in some way. 
“Now I start, I am starting to differentiate colors and, like, see, really, see... like 
which word is which one. At the same time, I'm reading the article. Can I actually 
read this at home? I mean, like, the website, can I... actually search it by myself 
at home?” (P3) 
 This extension is experimental and not available at Chrome Web Store (at least not yet). 
This participant was fascinated by the extension and asks if they can try it at home. In another 
study there could be an element where participants were able to use the extension outside of a lab 
setting – either to gather opinions and experiences or to collect specific user telemetry. 
“But maybe also, like... other keywords in the article, the most frequent word or 
something like that, if the purpose is to find the key ideas of the article, like have 
something here that reads the whole article in the first place and then finds the 




 This suggestion does not actually concern highlighting at all. There could be other 
functionality in the extension as well, and some kind of summarization could be part of it. But 
would it be helpful for the reader? It could be part of a research platform built around this 
extension, with other features related to text analysis, also available (and accessible) to non-
researchers. 
“I also thought that different scientific fields have different conventions about 
how to write and, for example, humanistic texts tend to be quite rhetorical, like, 
compared to something like biology, or whatever the last one was, its texts. So, 
kind of, it may not fit that well.” (P8) 
“This rhetoric section was left a bit unclear, what it was meant for because I think 
it very much colored, like, main-subordinate clause connection words, for which 
I don't remember the terminology, so there I thought I didn't find other examples 
it would have caught. So is its function just that it notifies you about places where 
causality is started but it is not necessarily there.” (P8) 
This participant raises a very important point about scientific texts. Different fields of 
science have somewhat different styles and conventions of writing. There are many obstacles in 
finding suitable dictionaries for general use – if we want to have dictionaries for general use and 
not domain-specific ones – and variation in style can be one of them. I would argue that the 
dictionaries in use should be as general as possible, as otherwise there would be need for an endless 
number of domain-specific ones for different purposes, and it would probably need more user 
action to select and unselect them.  
The three current dictionaries have been designed with this in mind – they do not make 
assumptions about the topic of the text. However, it has been noted by several participants that the 
dictionaries are not always easy to understand, they do not include some obvious words, they 
include words that either do not make sense or that should be included in another dictionary. At 
the same time, several participants found all three beneficial to their reading. 
“Yeah maybe at least when reading this paper that Rhetoric section is the least 
useful, so that maybe it's a couple of little words that are underlined here or at 
least in this paper so that it doesn't help with the content. So, there aren't many of 
these words and they, well... I don't know if they, then, in writing phase, could use 
them but pretty much in reading phase it is quite... useless.” (P4) 
“Thinking like when I write that paper, so that... I think it is not made for that 




 There have been many mentions of a possible writing aid version of this extension. It is an 
interesting question whether this version should concentrate on the current functionality (but in 
writing context) or do other things as well, such as provide statistics, summarization, or traditional 
features of writing aids such as grammatical checks. This participant thinks it is possible that the 
Rhetoric dictionary would be more helpful in a writing aid version. It is a bit in contrast to those 
participants who have especially commented on how the Opinion dictionary would be important 
also when writing a paper (as it would potentially show which words are of concern or to be 
avoided). 
“Well, one thing is, like, if there were some list of words, maybe in the 
background, like Opinion, that you could add your own, so that you could modify 
it yourself and specifically in a way that, for example, these are given, look at 
these, so if I wanted to a certain field of study put everything that says ‘fly’, then 
I could add my own that would then highlight them, and it helps if you have many 
papers in the same field of study, so then you can see where they discuss these 
things.” (P4) 
 I find it very surprising that so few participants said they would like to see the extension 
being expandable so that the user could add their own words either to existing dictionaries or to a 
new custom one. A more general version in which all dictionaries would be customizable could 
be made in the future (with associated interface) but there are also reasons why this should not 
happen. The obvious one is that it requires another interface and the reader would have a more 
complex piece of software that might no longer serve as an efficient and persistent reading aid – 
the “reader” becomes the “user”. Another reason is that a too customizable system might become 
too customized to be a general tool any more. This could be a similar problem as with domain-
specific dictionaries, as becoming too specialized might make the extension less useful in general. 
 “Well of course if you had time and resources to develop it so that it would 
recognize also kind of word expressions, like that ‘in which’ that now probably 
would go into this pink category because it is like a hint, a bit like these others. 
And then of course so that it would check those capital letters which is a basic 
thing. And if all those basic expressions and most common ones which are used 
in scientific text, so that it would also word pairs put there. And, of course, expand 
those word lists it has.” (P7) 
 This is a nice summary of a number of problems the current version of the extension has 




support for multi-word expressions could be added – however, it is not certain “in which” should 
be classified as belonging to the Opinion dictionary. Expanding the existing dictionaries is 
something that could also be done – even quite easily, based on the feedback gathered from this 
study. 
“Ah, sorry, sorry. ‘Very’, ‘low’, altogether maybe... could be put together if it's 
possible. I would increase the count if somebody wanted some statistics about this 
stuff, for example, it could increase the count for no reason.” (P23) 
 This is another reference to word pairs or multi-word expressions. The participant suggests 
that modifier-adjective pairs should be highlighted together and if the highlighted words were to 
be counted, this pair should count as one. Highlighting two (or more) words together is definitely 
a possibility in a future version of this extension.  
5.7. QUESTIONS AND COMMENTS FROM THE INVESTIGATOR 
 In in addition to the planned interview questions, several follow-up questions and other 
prompts were sometimes used in the course of the test, to elicit more responses from the 
participants. These were usually used because the participant said or did something interesting that 
warranted further discussion or comments. In some cases, the participant seemed a bit lost and 
needed help; sometimes the investigator’s comments were about the test procedures (the end of 
the section/article closing, additional instructions, etc.). Some participants, on the other hand, 
talked quite a lot and no further questions or prompts were needed. 
 Sometimes the participant got stuck reading one part of the article (typically the start of the 
article, if reading sequentially) and they needed to be asked to look around the other parts of the 
article as well. Here are some comments I used to that purpose: 
“You could move a little towards the end of the article because they might have 
different kinds of highlighting or different kinds of wording...” “Anything 
interesting there?” (to P2) 
“How does the discussion part look like?” (to P2) 
“Will you look at the end of the article, if it would look any different.” (to P7) 
“If I could direct you a bit to also look at other parts of the article because it is 




“Could you move towards the end of the article so that we can check that out 
before moving to the next article?” (to P13) 
“Well, it's a long article, so at least at some point you should check what it looks 
like in different parts.” (to P19) 
It was difficult not to give too direct instructions but many participants preferred to start 
reading with the introduction and go further from there – and one of the interesting things about 
the extension was that it highlighted different parts of articles in a different manner, so these 
prompts were needed. 
 Many times, the participants seemed to have their own distinct style of reading, or 
otherwise it was felt proper to inquire about their reading behavior. These questions often elicited 
good responses reflecting on their reading styles. They sometimes discussed highlighting things 
with mouse as well. Here are examples of this kind of questions: 
“I see that you are highlighting sentences, is that something you normally do?” 
(to P2) 
“I notice that you scroll a lot, does it, umm... What does it look when you scroll 
the article with something highlighted?” (to P3) 
“Do you usually read articles from the beginning to the end or do you scroll 
around?” (to P6) 
“If I may ask about your reading habits, do you usually read from the beginning 
sequentially, like, forward, if you read articles?” (to P12) 
“If I may ask, you sometimes highlight things, is that helping you to read?” (to 
P13) 
“When you read a research article, do you usually jump around a lot?” (to P16) 
“If I may ask, when you read articles usually, do you usually read every line or do 
you jump around?” (to P19) 
 Usually the participants were actually quite open and ready to discuss their reading style. I 
also feel that the way they behaved in these test sessions reflected their usual reading style – even 
with the sessions’ limitations. Several participants mentioned that for the second article they felt 
freer to read as they wish as they already knew the technology of the extension and did not have 




 Sometimes the participants had to be reminded about using the extension. Some 
concentrated in reading and did not comment much on the extension and highlighted words, or 
only kept one category switched on and missed most of the potential highlightings. These are some 
of the comments and questions related to this theme: 
“I also notice that you like to keep only one of them [categories] on at the same 
time.” (to P9) 
“It seems that you only have the Opinion highlights on... Do you like them?” (to 
P14) 
“I notice that you only have two categories switched on.” (to P15) 
“But I would suggest that you use the extension as well.” (to P16) 
“Do you like to read without the highlightings?” (to P18) 
“You seem to use only one [category] at a time.” “I mean, is that intentional? You 
like to have only one?” (to P19) 
“Do you like it when all those colors are on at the same time, or one by one?” (to 
P20) 
“But I remind you that you have to click on those things for anything to happen.” 
(to P23) 
 It is somewhat understandable that they had to be reminded to use the extension – there 
was no clear goal for the reading task so participants would interpret it as they wished and this 
again displayed differences between reading styles as well. 
 As the main goal of the test session was to see how the highlightings produced by the 
extension affected the participants’ reading, there were also questions and comments directly 
related to observations. Some participants who did not readily talk much seemed to appreciate 
questions about comparisons between sections or articles, as they were easier to answer.  
“You see that there are highlightings there, does anything come to your mind 
about them?” (to P12) 
“Please tell me if this looks any different from the previous article.” (to P12) 
“You said you might see a pattern?” (to P17) 




“You said that the red ones attract your attention but what about the others?” (to 
P20) 
“Yes, when you click something, what do you see?” (to P22) 
“So how does it look like now?” “The article with highlights now that you read it 
perhaps more carefully.” (to P24) 
 In many cases, these comments were very helpful and the participants would respond when 
asked a direct question.  
 Other, more general comments and questions, such as regarding the participant’s reactions 
and observations: 
“Is there an example there, that makes you think like that?” (to P1) 
“Are you looking for a specific word as you have search box open?” (to P5) 
“Were you surprised of something?” (to P6) 
“Is there something funny?” (to P8) 
“Maybe you could read some interesting chapter there like you would normally 
read.” (to P16) 
“Do you still have other observations or shall we move on to the next article?” (to 
P18) 
5.8. SUMMARY OF FINDINGS 
5.8.1. Learning how to use the extension 
 In this study, unlike in the pilot study, the dictionaries had labels displaying their names 
(Rhetoric, Opinion, and Commentary). Before the study, I thought this might reveal their meaning 
too early and make it even too easy to learn how to use the extension. It turned out, though, that 
understanding the dictionaries was more difficult for many participants. It also turned out that 
several participants were not familiar with the word “rhetoric” and it had to be explained to them. 
(Another expression which sometimes had to be explained was “under the hood” in the interview 
part.) 
 First impressions varied: some participants seemed to think the extension was 
underwhelming, as all it did was that it highlighted single words all around the document but the 




were some, though, who immediately said they liked the idea and thought it was helping them to 
read – but what this means can vary a lot. 
 There was also variation in how the participants started to use the extension – participants 
could be divided roughly into two groups: The first group was more reading-focused and several 
of them started to read the first article sequentially without using the extension – they had to be 
reminded that they should try out what it does. The second group was more extension-focused and 
immediately switched all the dictionaries on and mostly read those parts of the text which had 
highlighted words.  
 The participants were not told to use any specific method to read the article, they chose to 
read sequentially or by skimming on their own. This choice may have affected their learning of 
the extension as well – by skimming or “jumping around” the article they would have immediately 
noticed the extent of highlightings around the text, whereas by sequentially reading – even with 
the dictionaries switched on – they might have only seen the introduction and the start of the article 
which did not have many highlighted words. 
 Some participants mentioned the need for instructions or other helpful explanations. This 
could affect the trust readers feel toward the extension, especially when they start to use it. Without 
much knowledge about what is happening under the hood, they could treat the extension as a kind 
of an “authority”, even though it is designed to be treated as an “utility”. This is especially apparent 
when participants described their later observations of the Opinion dictionary which highlights 
words that are supposed to connected to subjective expressions, often by the author of the article, 
but which could be perceived as warnings from this “authority”. Even though participants in 
general were critical and pointed out mistakes they observed, it could be that trust for a given 
technological component affected their observations. 
5.8.2. Reading practices 
 Participants were observed reading and several participants were also asked about their 
reading practices during the session. There was surprising diversity in how participants preferred 
to read the articles. As noted above, the participants made their own choices as to how to read – 
and when asked about it, many said they prefer a certain style or type of reading. 
 It would seem that certain reader profiles emerged but they are difficult to enumerate. I 
will here present one interpretation of what I observed. The “Careful reader” would be one who 




anchor. They might also highlight an individual sentence with the mouse to make it easier to focus 
on that section, especially if it is otherwise difficult to comprehend. The “Jumper” would be one 
who reads the text selectively, jumping forward and sometimes also backward – possibly to reread 
parts. Another type of reader could be “Searcher” who looks for visual information in the document 
(glancing) and only concentrates on actual reading if there is an attractive visual cue. 
 As mentioned in the previous subsection about learning, reading practices also have an 
effect on how the readers learned how to use the extension, and they also have an effect on how 
the use of the extension affects their reading. The three emerging groups I mentioned are not very 
well-defined and it would be very challenging to rigorously try to define strict boundaries for them 
– especially the last two share many characteristics. However, the characteristics of each group 
can help us understand the effect the extension had on their reading. 
5.8.3. Effect on reading 
 One of the main aims of this study was to learn how the use of this extension affects 
people’s reading. Many participants commented on this while reading the two articles and there 
was also an interview question specifically about this topic. Only some participants answered that 
it did not have an effect; or only that it did not distract much. In this subsection, I try to analyze 
how the highlighting had different effects on different reader groups. 
 For “Careful reader”, an important feature of the article is that it does not distract the reader 
from actual reading – which was a design principle as well. However, it was also assumed that 
most readers would not read sequentially. As noted in the comments in the previous sections, many 
participants did note that the highlighted words did attract their attention – but whether it distracted 
from reading is another thing. They might have also not encountered many highlighted words at 
first, which may have encouraged them to keep reading sequentially. For those who highlighted 
sentences with mouse (introducing their own annotation practice), I interpret that the highlightings 
provided by the extensions could have been confusing or interfering.  
 As the “Jumper” is someone who browses around the article, they would encounter 
highlighted words immediately as they browse down the article. They could self-identify as 
skimmers (but skimming in popular parlance can also refer to other types of reading). They might 
use the extension to identify the sections they are going to read carefully. 
 The “Searcher” is looking for more specific things, be it information or visual cues. For 




interested in visual patterns that form and are less interested in careful reading. When they read, 
they are curious about the highlighted words and would comment on how they perceive what they 
read based on highlightings. 
5.8.4. How the extension was used 
 Different uses of the extension can be divided into several categories based on observations 
and participant feedback. 
First, one of the intended uses, highlighted words helped comprehend difficult parts of the 
text. This is a bit similar to what several participants already did by highlighting difficult parts of 
the text with mouse, but different colors should add more depth to the experience. This is especially 
how “Careful readers” used the extension, even though results varied. 
Second, the highlighted words served as anchors, helping the reader to remember where 
they were reading, making it possible to read or glance other parts of the document and then return. 
This resembles the use of mouse pointer as a visual anchor a bit but is more persistent. Participants 
of all three categories used the extension this way. 
Third, highlightings guided the reader to sections of the text that seemed interesting or 
relevant. This corresponds especially to how the “Jumpers” used the extension. They moved 
around the document, and once a section with highlightings attracted their attention, they moved 
to read that section. 
Finally, specifically the highlightings of the Opinion dictionary made the reader more 
aware of the language used, more specifically subjective expressions. This corresponds especially 
to how the “Searchers” used the extension. At this point it should be noted that the idea of using 
the highlighted words to map out where there are expressions to be avoided was very common and 
it emerged from the participants and was not actually intended by the author. It is understandable 
that this kind of correlation or connection could be seen; it is not completely opposite to what was 
intended. The color used for the Opinion dictionary is a usability issue: the reddish color made 
many participants think it is used as a warning, whereas the other dictionaries had a more neutral 
color. A future version with other color choices could therefore change how the extension is used 
in this sense. 
5.8.5. Usability issues 
The participants did not report delays or lag in the use of the extension. However, some 




reasons: First, cyan and blue were too similar and one participant even reported they had to look 
up to the interface box for the labels to distinguish them from each other. Second, it is possible 
that these colors would be problematic for colorblind readers. Third, as noted above, some 
participants thought there is meaning attached to the colors used: using reddish color for the 
Opinion dictionary gives the signal that these highlighted words are problematic and to be avoided 
– which is not the intended signal. Finally, as some thought the chosen colors are a bit distracting, 
it could be that some other choices could be more suitable. 
Even though the extension was designed to be simple, intuitive, and easy to use, several 
participants commented that more help was needed in some form and this hindered the learning 
process (and took time from actual reading). One participant specifically mentioned that 
instructions were needed, many others expressed frustration at first as they were not sure what they 
were supposed to do with the extension. This could also be due to the testing protocol; the 
instructions for the test session could have been more detailed. However, the intention was that 
the participants learn the use of the extension by themselves, as most participants did without 
hesitation.  
One potential problem – not raised by any of the participants but I feel it is important to 
note – is that any kind of interface this extension has should be distinguishable from the interface 
of the website on which it is used. The current interface – which is just a semi-transparent rectangle 
with three labels and their checkboxes – was designed with Plos One in mind, so that it would not 
overlap with the content of the website. Perhaps in a future version this box could be moved to 
another location by the user? 
5.8.6. Dictionaries 
 The three dictionaries used by this extension could have been chosen in many different 
ways; this selection was informed by the pilot study. The reactions to the three were divided for 
all of them: each had participants liking them or saying they did not understand them. 
 The Opinion dictionary was best-received by the participants and also best-understood: in 
the minds of the participants it was usually associated with the idea that subjective opinions should 
not appear in research articles or at least the reader should be aware of them, and highlighted words 
of this category nicely bring them into plain view. Many noted that much of what it highlighted 




also sometimes noted that two-word entries in the dictionaries could be useful (“very low” for 
example).  
 Even though the Rhetoric dictionary was expected to help read difficult passages in the 
text, it was probably the worst-received of the three. Many could not understand its purpose and 
of the content of the dictionary was criticized.  
 The Commentary dictionary was designed to highlight results and conclusions in language 
traditionally found in research articles. Even though many though it was useful especially in 
finding results and related discussion in the text, many also commented that they had trouble 
understanding why these words were highlighted and also how the name of the category was 
related to what was highlighted. 
 Regarding the groups of readers identified before: The “Searcher” type of reader would 
look for visual cues in the article and especially the highlighted words of the Opinion dictionary 
would make them interested in the text. It was expected that the “Careful readers” would appreciate 
the Rhetoric dictionary but there was no clear implication of this. For “Jumpers” any kind of 
dictionaries seemed to be equally interesting or helpful. 
5.8.7. Problems with the extension 
 As most of the participants were engineering students, they were well-versed technically 
and noticed many technical problems with the extension. In general, the extension worked well – 
and many participants said they had no problems – but there were also small programming errors 
and omissions.  
It was revealed that the extension does not highlight words which have capital letters – 
which can be a positive thing if they are proper names but usually it would be the first word of a 
sentence. On the other hand, it was not common to have words to be highlighted starting a sentence 
in the texts that were used by the participants. Participants also noted several cases where a word 
that should obviously have been highlighted was not highlighted (due to a typo in the dictionary 
or a simple omission), or where it would have been useful to support two-word expressions in the 
dictionaries. 
5.8.8. Solutions and improvements 
 Several participants offered ideas about improvements to the extension. Quite a few 
participants said this extension could help people who have to read a lot but one often repeated 




were thinking what their own text would look like when highlighted with the extension. One 
participant said they would like to see their own text highlighted before submitting it for 
publication. 
 Support for multi-word expressions in dictionaries was mentioned by several participants. 
This is something that could be done in the future; but it would require new expressions and word 
combinations for the dictionaries.  
5.9. RESEARCH QUESTIONS REVISITED 
RQ1. Does the tool have a general, potentially positive, effect on readers? How do readers 
employing different reading styles benefit (or not benefit) from the use of the tool? 
 It is clear from the data gathered in the sessions that the use of the extension does have an 
effect on readers; how large and what kind of an effect it has on different types of readers is more 
difficult to quantify. 
 The effects could touch upon a number of things which then could be classified as 
“positive” or “negative”: reading speed, reading accuracy, comprehension. These were not 
measured in a quantitative way in this study; but observations during the sessions describe several 
effects, many of which can be described as beneficial, or “positive”.  
 Several different reading styles, based on individual reading types, were proposed: 
“Careful reader”, “Jumper”, and “Searcher”. Even though these groups of participants overlap 
somewhat and are general descriptions of their reading behavior, each of these use the extension 
in a different way which also affects in ways that they may benefit from the extension. However, 
it cannot be said that there is a specific group which would benefit from the extension more than 
others, it seems to be up to individual preferences as to how helpful they would perceive the 
extension. 
 A repeated comment from the participants was that the extension makes them more 
“aware” of the text they are reading; especially of the type of language they are seeing in the form 
of subjective expressions. Even if this were the only effect, it would be a very interesting one, and 
could form basis for a further study: it could be studied what this effect consists of and how it 





 Sometimes the highlightings made the readers confused or distracted. To some extent this 
was to be expected; but many also mentioned they were not distracted at all. Highlighted words, 
even regardless of type, in any case helped readers as visual anchors, and could be used to return 
to a specific point after glancing around, or to reread a section. 
RQ2. Does the tool make the reader to pay more attention to their own reading types and 
style? 
 Based on observations and the interview questions the answer seems to be yes. Participants 
discussed their reading styles and many participants reported that they noticed shift in their reading 
style toward other types of reading. Another study could try to find out what kind of shifts there 
are and how much of it is due to the extension and not to other factors, such as a goal or other 
instruction.  
 It should also be added that many participants also discussed their annotation practices. 
Annotation can be part of the reading practice and for those who paint words and sentences with 
mouse for transient annotation, this extension could be confusing.  
RQ3. What kind of dictionaries would be effective in producing meaningful and useful 
highlightings? 
 This was a difficult question to answer. The dictionaries do not have a tight definition for 
what is good and what is not and the participants in this study did not have many concrete ideas, 
at least ones that could be formulated as new dictionaries. They did, however, comment on many 
aspects of existing dictionaries – often finding that they lacked certain words that seemed to belong 
there, or in some cases words were seemingly in wrong categories. 
 Good dictionaries for this kind of use depend also of individual reading types. I have 
proposed three types of readers, each of which have different needs for highlighted words that 
correspond to their reading behavior.  
 It is clear that one of the three dictionaries – Opinion – had potential to be developed into 
something very useful. Even though opinions varied as to how helpful the highlighting was in 
general, the idea that the extension could highlight subjective expressions was forwarded by many 
participants, and could be used to warn the reader about sections requiring extra careful reading. 
 One proposed development of the Opinion dictionary was Debate: highlighting different 




though – it requires some kind of natural language processing to work, and even then, it is 





CHAPTER 6: DISCUSSION 
6.1. LESSONS LEARNED 
6.1.1. Potential weaknesses 
The extension used in this dissertation study was designed to be as simple as possible but 
still able to support the testing of how automated annotation affects reading. As such, many 
technical features were considered but left out or were identified as potentially useful but 
ultimately not implemented: 
 
● Word stemming: Originally considered to be implemented; a simple JavaScript 
implementation introduced an uncomfortable delay when switching dictionaries on and off, 
and it would have required lots of modifications to the dictionaries. 
● Homonyms: Words that have two or more meanings are challenging, as the current 
implementation matches words from the dictionaries with the words in the text without 
consideration to their surroundings and associations with other words. Therefore, a word 
in a certain context may be highlighted even though it is clear that it does not actually 
belong to the implied category. 
● Bigrams (and n-grams): Several participants in the study noticed that phrases or word 
pairs could be highlighted but instead only one word or no words at all were highlighted. 
As many expressions contain multiple words, this is a feature that perhaps could be 
implemented in the future. 
● Omission of commas: Sometimes switching highlightings on and off removes commas 
from the text. 
● Ignoring capitalized words: The extension has a bug which makes it ignore words with 
capitalized initial letter. 
● Naming of dictionaries: In the pilot study, the dictionaries were numbered, not named. In 
this dissertation study, however, they had names: “Rhetoric”, “Opinion”, and 
“Commentary”. These names may have given participants ideas about what they contain 
and also contributed to some confusions and misunderstandings. It turned out that some 





In addition to these technical features, the test setup itself was prone to several weaknesses 
or potential flaws that may introduce biases that have to be taken into account in analysis and 
conclusions. I have identified several potential weaknesses: 
 
● The test might not simulate real reading: This study targeted students who read research 
articles. Research articles have certain features which other texts do not have; this by itself 
creates a bias. However, it is difficult to reproduce actual experience people have when 
reading texts, especially when they are not observed. This problem is common in user 
experience studies and there are many attempts to mitigate it. One possibility could be to 
let participants do the reading at home and then measure it by taking telemetry from the 
extension. 
● Novelty effects: Related to the previous item, the effect the highlightings might have could 
wear off over time. The readers may have employed different behavior to the different 
articles: when they read the first article, the situation and the extension were new; when 
they read the second article, they were no longer experimenting with the technology and 
were more used to the situation.  
● Article type: The first article to be read was the same for all test participants. Its topic was 
related to usability and it was chosen to be interesting to most participants. However, for 
some it was difficult to comprehend (and not very interesting). Hence it might not be the 
best possible article to try different types of reading. On the other hand, the second article 
was chosen by the participants and in some cases, it was even too interesting. The variation 
in how the participants reflected on the topic of the article introduced variation in how they 
perceived the effects of the extension. 
● Test length: It is possible that a longer test would have worn the potential novelty effects 
off and revealed tendency to return back to reading without highlightings, as the 
participants would no longer be experimenting and learning the use of the extension. On 
the other hand, in that case, they probably would have required a goal for their reading, as 
in this study they did not have one and they read without a specific aim. 
● Article length: Some types of reading or switching between them may be dependent on 
the length of the article. A shorter one might not accommodate some types; a longer one 




● Medium: The articles that were read were long, continuous articles with a single page. A 
PDF file or a physical article would have several pages that would be browsed and therefore 
would be somewhat a different domain for testing. 
● Self-consciousness of being watched: A common feature in user studies, an investigator 
observes participant’s progress. The observation may affect the participant’s actions and 
politeness may make them produce expected results. 
6.1.2. Tolerance for errors 
As was noted when demonstrating the earlier project about realtime sentiment analysis and 
also the pilot study, participants seem in general quite tolerant about errors that the browser 
extensions makes. It can be speculated that the reasons for this may include: 
 
● Errors in plain sight: The highlighting functionality has been designed so that it is 
transparent (does not cover any text – only highlights it); the extension does not 
summarize the article in any way, its functioning is in plain sight to the user. This may 
make errors not only apparent but also acceptable. 
● Curiosity: Users of the extension may be curious as to what is highlighted and what is 
not. Therefore, possible mistakes are accepted. 
6.2. OTHER NOTES 
6.2.1. Reactions 
 All participants seemed very curious and interested in trying the extension, even though it 
varied how they actually tried it out. It seemed like many actually liked the pre-chosen article and 
commented on different aspects of it. Some even thought the topic of the article was tied to the 
purpose of the study (to evaluate an experimental browser extension), which could have affected 
the way they approached the extension – they could have thought the article itself is part of the 
study.  
 The participants did not seem overwhelmed by what they saw, but a couple of participants 
did not want to use all the dictionaries at the same time, preferring to use only one at a time for 
clarity. It seemed that a few were even underwhelmed; they might have expected to see more 






 In conversations after the test, many participants were delighted about the experience, 
though several were also quite skeptical – even though they thought the idea was interesting. Some 
expressed that they would like to try the extension on their own and on different websites. The 
curiosity they felt before the test seemed to continue after it. 
As was noted before, most of the participants were engineering students and many were 
interested in technical aspects of the software. They asked about how the extension works and how 
it decides which words to highlight. Many assumed the extension was smarter than it actually is: 
they proposed it might employ some kind of natural language processing component to analyze 
meaning of text. 
It was apparent that for many, the experience with the extension made them reflect on their 
own reading; they discussed how they usually read and how they read with highlighted words in 
the document, or how they usually annotate text by themselves, with comparisons to using a 
highlighter on paper. This (reflections on own reading) could be an important aspect in a future 
study. 
6.2.3. Reflections 
 After conducting the study, it is possible to reflect on what was done. Some things could 
have been done differently: for example, the interview protocol could have been developed further; 
the extension itself needed some bugfixes and interface changes. However, the basis for this study 
was sound and the test sessions worked well.  
 I wish I had encountered the article by Shah, Schuster, & Barzilay (2020) before. It would 
have informed my views on Wikipedia and interfaces for web augmentation. Also, considering 
that it became an oft-discussed topic during test sessions, even more research into writing aids 
(especially ones implemented as browser extensions) would have been useful – and also because 
they could give hints about effective highlighting techniques. 
Another article which I wish I had noticed much earlier is Zhang & Duke (2008), describing 
another study which resembles this one in some ways. In that article, the authors describe over 
fifty(!) reading strategies related to three reading purposes. They had twelve participants and they 
did not look for styles or groups describing the participants or their reading styles as I did, but their 
list of different strategies is insightful – and in many places reminds me of things I have discovered 




I wonder how much the reported strategies would change if they had instead studied readers using 
a system like mine. It is obvious (or at least plausible) that reading purpose affects the strategies 
(or types of reading) employed; their study gives substance and concrete examples of this.  
This inspires me to wonder what my results would have been like had there been a more 
detailed or varied task statement – which would have both inspired and also limited the 
participants’ ideas about what they should be doing. It would be especially interesting to see if the 
reader groups I identified would still be noticeable if the participants had specific tasks that would 
require them to approach a document in a certain way (and also use the extension in a more specific 
fashion). 
One hurdle I had when designing this study was whether I should follow a certain 
framework. I considered grounded theory for a while but ultimately it did not seem like a good fit 
(as it aims toward a new theory through iterations). It is important to note that there are still 
interesting theories and practices out there that could help a researcher when designing studies like 
this, like cultural probes or information foraging which can be used to explain certain parts of 
human behavior in studies.  
 It should be repeated that the tests worked smoothly and a lot of good data was collected 
and analyzed. Participants reacted positively to the extension to be studied and often freely 
expressed themselves when discussing what they experienced.  
An interesting topic is how much it influenced the study that all participants were non-
native English speakers, or that the study was conducted in Finland (as opposed to the United 
States or other places), or that roughly half of the participants were Finns. It is difficult to evaluate 
these aspects without resorting to stereotypes about different nationalities.  
One interesting idea not included in the Future work section is whether this tool could be 
used specifically to look for a better tool. With that approach, the suggestions could become the 
principal point of the study, sculping out the next iteration of the tool. In that sense, negative 
feedback would not be bad, but even crucial. But even with that approach, there should be a broad 





CHAPTER 7: CONCLUSIONS AND FUTURE WORK 
7.1. CONCLUSIONS 
I have presented and evaluated a browser extension which highlights words based on in-
built dictionaries. Its purpose is to enhance the reading experience especially by supporting non-
sequential reading. After 24 sessions with participants and analysis of results, I can put forth a set 
of conclusions. 
The highlightings produced by the extension were not always used as intended or expected: 
they were sometimes simply used as visual anchors, to support browsing around the article or 
rereading. Interestingly, some participants in the study also had the habit of highlighting words or 
sentences with the mouse cursor, creating a situation where there are two annotation practices at 
play in the document. In these cases, they were asked about their habit and they may have had 
difficulty following two types of annotations at once. 
There are two categories of effects that must be differentiated: the effect on reading style 
shifting between types of reading and the effect on reading within one type of reading. The design 
of the browser extension focused on the latter but it was apparent from the test sessions that the 
former must be considered as well. In the sessions it became clear that highlighted words are very 
difficult to ignore, but it varied a lot how the highlightings were perceived. They did not seem to 
distract as much as attract the participants’ attention – the presence of highlighted words in a 
paragraph made that section of the text much more interesting or at least that part seemed more 
worth reading. In the interview section of the sessions, many participants described how they were 
able to get extra insight into the text they were reading, and they were especially more aware of 
subjective expressions in the text, with the aid of the Opinion dictionary. This is something that 
could be researched further: what this perception of “awareness” means and whether it leads to 
more accurate judgements on biases or other characteristics of the text they are reading.  
The words in the Opinion dictionary were highlighted in pink color; as this was a reddish 
color, some participants thought it was a kind of a “warning”; they thought the highlighted words 
and expressions were undesirable in a scientific text. Many proposed a writing aid based on this 
extension; in that kind of an extension (which could be included in future work), they envisioned 
that these highlightings of Opinion type would show which words to avoid in a text. This was not 




The browser extension used in the study had three dictionaries: Rhetoric, Opinion, and 
Commentary. Even though it was intended that simple labels give enough information for 
participants so that they can learn the use of the technology by trying it out, it turned out that many 
would have wanted instructions or more descriptive labels; they could not figure out the meaning 
of especially Rhetoric and Commentary by themselves.  
All the test participants had a native language other than English; the articles they read in 
the test were all in English. In some cases, participants had hard time understanding the dictionaries 
that were used, as they were not familiar with the word “rhetoric” – and in the interview section 
they did not understand the phrase “under the hood”. On the other hand, there were signs that the 
use of highlightings could have assisted learning the English language and helped with especially 
difficult parts of the text. 
It is possible that the participants read more carefully when the text was not in their native 
language and it would be an interesting comparison if the test was repeated using only participants 
who are native English-speakers. Another language-related question is whether documents that are 
in some language other than English would be highlighted and perceived in a different manner. 
Regardless of how they themselves perceived the highlightings, the participants said they 
think the extension is meant for people who need to read a lot of scientific articles – that is students, 
researchers, professors. They consistently said the extension is to make the reader read faster and 
possibly find relevant parts of the text more easily and quicker. Several participants even said that 
after trying it, plain text looks boring or like a “grey blob”. Perhaps a rigorous testing with different 
fact-finding tasks could give some insight into this theme. 
There are many effects which may twist the results I have got, some of them I have already 
mentioned. Even if the participants reported that they feel they received some benefit from using 
the extension, this effect could be partially due to certain factors – such as novelty effect or 
politeness. Certain self-consciousness over their reading could vanish over time. Would they use 
the extension in their free time, without an observer? I think the extension has shown potential 
through its intended use and given insight into reading practices and styles of reading, however 
there are certain aspects that should perhaps be taken into account in future research: 
 Participants gave suggestions regarding the dictionaries used and other features. Many 
were quick to notice certain shortcomings with the system; they noticed words that were not 




was in wrong category. Many – but certainly not all – liked the existing dictionaries but also said 
that they should have many more words, including phrases of more than one word. 
 These results inform decisions about possible future reading aids or tools to explore 
different reading practices. Because of different kinds of readers (such as the three groups 
identified here), it is possible that one solution could help some readers but distract others. Even 
though some study participants read sequentially, it should be noted that most did not and studies 
should not assume sequential reading. 
7.2. FUTURE WORK 
Several ideas for possible new uses for the extensions have emerged, as well as for new studies 
that could be conducted with the aid of the extension. The extension was devised as a platform for 
experiments, analysis, and research, and I hope these new directions help realize the full potential 
for the existing software and also make use of the findings from this study. 
7.2.1 Writing aid 
Several participants in the study commented that the browser extension might also be 
useful as a writing aid, in contrast to reading aid as it has been intended in this dissertation study. 
They said highlighted words draw attention to the quality of the text and words that should perhaps 
be avoided – some participants in this study even assumed the purpose of the highlighted words is 
to show which ones are to be avoided, as they are too opinionated, subjective, or otherwise 
“improper”. 
From this observation and existing code, a new kind of an extension could be developed, 
one which supports writing – specifically research articles (just as the original version is designed 
to support reading research articles). A bit like a spell checker, it would highlight words and parts 
of text that require attention regarding grammar, syntax, but especially expressions to use carefully 
or to completely avoid. It would also visualize these different types of words for easy review. 
Several participants in this study mentioned how highlighted words attract their attention but did 
not distract from reading – from this I conclude it could also work in a similar manner when 
writing. This new extension could also provide summarization and statistics about the text written. 
It could be programmed to support an existing online writing platform, just as the current version 




An interesting question is how this kind of a writing aid would change the way people 
write. Would writers avoid words that are highlighted or would they intentionally use those words? 
How would different dictionaries affect the writing? Would writers even aim for a “correct” mix 
of colors in text, to show that the text is balanced? Another study could try to find answers to these 
questions. 
7.2.2. Summarization and analysis tool 
Even though this extension avoids summarization of the article, such a functionality of 
some sort could be added or built into a separate extension. The extension used in this study is 
based on the earlier realtime sentiment analysis experiment and this kind of analysis could be 
combined with added section that would contain the results of the analysis. If the development 
would be taken to that direction, it would not concern reading experience that much anymore, but 
would offer a writer or a researcher a new analysis tool. 
There exist applications and websites that offer this kind of functionality to some extent 
but as far as I know, none have been implemented as a browser extension that would be usable on 
different websites. Using HTML5 and jQuery and similar technologies, different interactive 
visualizations could be produced from the data collected from text on a web page. This could, of 
course, be combined with the writing aid idea above. 
7.2.3. Language learning tool 
 This idea is actually related to one participant’s mention that they could have used 
something like this extension when learning the English language. Using different colors to 
highlight different parts of sentences could make it easier to not only comprehend difficult parts 
but also understand sentence structure in general.  
 If the development of this extension were to be taken to this direction, it could again take 
the form of a browser extension, so that it could be used on different websites. The used 
dictionaries should probably be designed to be general-use instead of domain-specific, if the aim 
is to serve as a general learning tool, but perhaps for more advanced level, dictionaries of more 
specific level could be used. 
7.2.4. Awareness tool 
 As many participants noted that highlights from the Opinion dictionary made them feel 
more “aware” of the text they were reading and they were wary of “subjective expressions”, 




and highlight persuasive, vague, and questionable language. This bears a bit of resemblance to the 
sentiment analysis experiment detailed in Chapter 3 – with some modifications it could have 
worked as a rudimentary bias detection tool on Wikipedia. 
 This could take the shape of a “minefield map” – a visualization that shows “dangerous 
areas” as colors in a transparent layer over the text, and used as a kind of a quality control tool on 
collaborative text platforms such as Wikipedia – where the edit history can reveal a turbulent 
background for an article and would warrant some awareness of the content. 
7.2.5. Take-home test 
 Testing in a laboratory setting has drawbacks, such as the observer effect. A study could 
be designed where the participants test out the extension – or a derivative of it – in other setting, 
such as their home. This could be combined with some kind of collected telemetry about how they 
use the extension. 
 Another interview could be conducted with the participants later. 
7.2.6. Keyword dictionary 
 It might be useful for the reader to be aware of what are words that are used frequently in 
the text they are reading but rarely or not at all in larger document corpus. If a new version of the 
extension had access to such a corpus, it could generate this kind of a dictionary for each article 
on the fly, instead of it being a static dictionary as the current three are. Then, it could do the word 
matching as it does in the current version. One challenge could again be multi-word expressions 
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APPENDIX A: TEST PROTOCOL AND INTERVIEW QUESTIONS 
Before the test  
The participant will be asked whether English is their first language. If it is, test ends. They will 
also be asked if they have adequate skills in English. If they do not, test ends. 
The participant will be familiarized with the test situation and the browser extension that they are 
testing. They will be given an article (from e.g. PLoS One) to use in a test. 
Test 
During the 20-minute test, the participant will discuss their experience while interacting with the 
extension and reading the article with the aid of the extension. 
After the test 
The participant will be asked questions about their experience and these may be a variation of the 
following: 
1. What do you think this extension does? 
2. How did switching the checkboxes on or off affect your reading of the article? 
3. Who do you think this extension is for? 
4. How would you change this extension? 
5. What do you think the highlighting colors mean? 
6.  Were there things that surprised you? 
7. How do you think this extension works under the hood? 






APPENDIX B: TASK STATEMENT 
From: Jill Smith <jsmith@bigstate.edu> 
To: You <you@illinois.edu> 
Subject: Check out this extension 
Hi, 
I have discovered this cool extension to the Chrome browser. You should check it out, try it on 
articles on http://journals.plos.org/plosone/ - in the upper right corner there are checkboxes that 











APPENDIX D: DICTIONARIES 
Rhetoric 
but, however, though, despite, spite, while, although, finally, instead, contrary, nevertheless, 
therefore, hence, thus, significant, because, since, whether 
Opinion 
good, much, more, most, better, best, increase, decrease, increasing, decreasing, fast, faster, fastest, 
traditional, non-traditional, nontraditional, large, larger, largest, mostly, usually, high, higher, 
highest, low, lower, lowest, abundant, extremely, very, poor 
Commentary 
expectation, expect, expects, expected, conform, conforms, conforming, often, always, never, 
sometimes, surprise, surprisingly, surprised, surprising, result, resulted, resulting, effect, effects, 
results, correlation, correlated, typically, typical, normal, nominal, some, known, sugggested, 
suggest, suggests, suggesting, imply, implies, implying, report, reported, related, especially, 
conduct, conducted, conclude, concluded, concludes, published, normally, poorly, controversial, 
controversially, controversy, conflict, conflicting, p-value, maybe, perhaps, effective 
